Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



I 



DEPARTMENT OF THE INTERIOR 

W ^ GENERAL LAND OFFICE 



\\ 



ADVANCE SHEETS 

of Chapters I to VI, inclusive, of a 
revision of the 

MANUAL OF INSTRUCTIONS 

FORTHS 

SURVEY OF THE PUBLIC LANDS 
OF THE UNITED STATES 



rnptnd tad pobUslMd WMtar tb« dlrtotioB 
if tiM Coiamlaiioiior of thi[^ioi^ 




• / : 



r* . » ». 



WASHINQTOM 
OOTBSMlfENT PBINTINQ OFVICB 

1919 












u- 









• • • •. 



• * • •• • t 

•■• •-•,•• • ■ . • 






w t> 






••• 



• i 

w ifc ta •< •» • • •.••.■■ 



' i 









4__ r 



.^,'r'^\.•L'1'\^> 



•-'i 'ft i.« 






DEPARTMENT OF THE INTERIOR 

GENERAL LAND OFFICE 

Washington, June 16 , 1919. 

Gentlemen: It has been deemed adviBable to publish advance 
sheets of six chapters of a new edition of the Manual of Surveying 
Instructions, as follows: (I) Regulations Imposed by Law; (II) 
Instruments and Methods; (III) System of Rectangular Surveys; 
(IV) Comer Mmiuments; (V) Restoration of Lost Comers; and, 
(VI) Resurveys. Th«ee advance sheets will inmiediately supersede 
the related provisions of the Manual of 1902, except as may be found 
impracticable in the case of surveys already in process of execution, 
or in the instance of retiu^s of surveys now in course of preparation, 
otherwise the provisions of the Manual of 1902 will remain in full force 
and effect. 

Every member of the surveying service is requested to report to 

the undersigned any typographical errors which may be detected, 

to the end that the same may be removed from the completed 

edition. 

Very respectfully, 

Clay Tallman, 

Commissioner. 

To the Surveying Service of the General Land OfncE. 
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CHAPTER I. 

REGULATIONS IMPOSED BY LAW. 

THE PUBUC DOMAIN. 

1. The nurvey of tbe public lancU of the United Statee it immp- 
arably asnciated with questions relating to the acquisition and die- 
pOMl of proprietary title to the lands which have been added to the 
area included in the ori|$nal thirteen States. The tenn ''public 
dOTiain" has been applied broadly to the entire aforementioned 
area in so far as the lands have been subject to survey and diq;>06ai 
by the United States^ and of interest herein may be mentioned the 
twmity*mne Statesjmd the District of Alaska surveyed or in progress 
of survey undw the United States rectangular system, as foUows: 

Alabama. — Included in the territory of the original thirteen 
Hates, and admitted into the Union December 14, 1819 (3 Stat., 
<06)^ sitfv^rs practical^ ceupleted and original records teanaferred 
te ttie Seoietary of State at Montgemery. 

Arktma. — Included in tiie lande ceded by Mexico, in ld48, and 
the Gadsden purchase, in 1853, and admitted into the Union Feb* 
fmry 14, 1912 (36 Stat., 557 and 37 Stat., 1728); surveys in pro^reoi; 
ITnited States Surrefor General al Fheeoiz. 

ilrJhmsdt.—Aoquiied under the Looialana Purchase, in 1803, and 
MhttHled into the Union June 15, 183e (fr Stat., 50); surveys praeti- 
eally oomj^^ed And original tmxx^ trMSffrtfd to the Commliwiotier 
of State Lands at Little Rock. 

G$Hfiiimia.-rKM9d by Meadeo» in 1848, and admitted into the 
Unitti September 9, 1850 (9 Stat., 452); surveys in progress; Unitod 
ilitss Swrveyor Genesal at San Francisco. 

CbloroK^t).— Acquired krgdy under the Louisiana Purchase* in 
1808, but induding additional land, title to iduch was quieted 
tkroug^ toeaty with Spain, in 1819, with other lands annexed with 
Ttatfis, in 1845, and lands ceded by Mexico, in 1848, and admitted into 
Ito Union August 1, 1876 (18 Stat., 474, and 19 Stat., 665); surveyB 
in progress; United States Surveyor G^ttieral at Denver. 

.Tbrtcfo.— -Ceded by Spain in 1819^ and admitted into the Union 

Ifaieh 8, 1845 (5 Stat., 7^; surveys practically completed and 

ititltiifti mi iiidii transfenred to the OommisBioner of Agriculture at 

Tallahassee. 

1 
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/cM0t>.*r^^e(|iU^.wiltL:thtf Or&gcb Territory, title to whick was 
established in 1846, and admitted into the Union July 3, 1890 (26 
Stat., 215); surveys in progress; United States Surveyor General at 
Boise. 

lUinoia. — Included in the territory ol the original thirteen States 
and admitted into the Union December 3, 1818 (3 Stat., 536); silr- 
veyei practically completed and original records transferred to Ihe 
Auditor of State at Springfield. 

Indiana. — Included in the territory of the original liiirteen States 
and admitted into the Union December 11, 1816 (3 Stat., 899); sur- 
veys practically completed and original records transferred to the 
Auditor of State at IndianapoHs. 

Iowa. — ^Acquired under the Louisiana Purchase, In 1808, and ad- 
mitted into the Union December 28, 1846 (9 Stat., 117); surveys 
practically completed and original records transferred to the Sec-^ 
retwy of State at Des Moines. '^ 

Kansas. — ^Acqmred under the Louisiana Purchase, in 1803; and 
with lands annexed with Texas, in 1845, and admitted into the 
Union January 29, 1861 (12 Stat., 126); surveys practically com- 
pleted and original records trans^rred to the Auditor of State and 
Roister of State Lands at Topeka. 

Louisiana. — Included in the Louisiana Purchase, in 1803, and 
boundary extended to include additional lands, title to which was 
quieted through treaty with Spain in 1819, and admitted into ihe 
Union April 30, 1812 (2 Stat., 701); surveys jMPactically cconpleted 
and original records transferred to the Register of State Lands at^ 
Baton Rouge. ^ 

ifw^t^an.~Included in the territory - of the original thirteen 
States and admitted into the Union January 26, 1837 (5 Stat., 144); 
surveys practically completed and original records transferred to the 
Commissioner of State Land Office at Lansing. 

Minnesota. — Included in the territory of the original thirteen 
States, and with lands acquired imder the Louisiana Purchase, in 
1803, and admitted into the Union May 11, 1858 (11 Stat.:, 285); 
surveys practically completed and (Mri^^nal records transferred iof 
the Secretary of State at St. Paul. 

Mississippi. — Included in the territcury of tlie <»iginal thirteen 
States and admitted into the Union December 10, 1817 (3 Stat., 
472); surveys practically completed and original recoids tnmsienBd 
to the Conmiissioner of State Lands at Jackson. 
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MmouH.— Acquired undM ^ LotdBuma Puiichase, in 1803, and 
admittod into the Union August 10, 1821 (3 Stat., 645, and 3 Stat^ 
Appendix II); surveys practically completed and original reoords 
transfened to the Secretary of Stato at Jefferson City. 

ifontona.--Acquired under the Jxniisiana Purchase, in 1803, and 
with the Oregon Territory, title to which was established in 1846, 
and admitted into the Unicm November 8, 1889 (25 Stat, 676, and 
26 Stat., 1551); surveys in progress; United States Surveyor Genenl 
at -Helena. 

Nebraska. — ^Acquired under the Louisiana Purchase, in 1806,, and 
admitted into the Union March 1, 1867 (14 Slat., 891, and 14 Stat., 
820); surveys jHractically completed and original records tranafeorred 
to the Commissioner of Public Lands and Buildings at Lincoln. 

Nevada.— Ceded by Mexico in 1848 and admitted into the Union 
October 13, 1864 (13St|^t., 30, and 13 Stat., 749); surveys in progress; 
United States Surveyor General at Reno. 

New MexicQ. — Included with lands annexed with Texas, in 1845, 
with Umds ceded by Mexico^ in 1848, and the CMsden Purchase, in 
1853, and admitted into the Union January 6, 1912 (36 Stat., 557, 
and 37 Stat., 1723); surveys iu progress; Umted States Surveyor 
General at Santa Fe. 

North Dakota. — Included in ^e territory of the original thirteeii 
States, and with lands acquired under the Louisiana Purchase, in 
1803, and admitted into the Union November 2, 1889 (25 Stat., 676; 
and 26 Stat., 1548); surveys practically completed and cnriginal r^c^ 
ords transferred to the State Engineer at Bismarck. 
.., Oib^oAoma.-^Acquired under the Louisiana Purchase, in 1803, apd 
with lands annexed with Texas, in 1845, and admitted into tb^ 
Union November 16, 1907. (34 Stat., 267, and 35 Stat., 2160); surveyip 
practically completed and original records filed with the Oomiuis- 
aioner of the General Land Office at Washington^ D. C. 

Ohio. — Included in the territory of the original thirteen |S tales; 
and admitted into the Union April 30, 1802 (2 Stat., 173); surveyf 
{practically completed and original records transferred to the Auditor 
of State at Golumbus. , 

Oregon. — Included in the Oregon Territory, title to which wa# 
established in 1846^ and admitted into the Union February 14, 
1859 (11 Stat., 383); surveys in prpg^ees; United States Surveyor 
General at Portland. 

. SoiUh Dakota. — Incjluded in the territory of the original thirteen 
States, and with lands acquired iinder the Louisiana Purchase, ir 
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1803, and admitted into the Umon November 2^ 188d (25 StM., 676, 
and 26 Stat, 1549); surveys in pregren; Usilied States Bntveyor 
General at Hnton. 

Utah, — Ceded by Mexico in 1948, and admitted into the Union 
January 4, 1896 (28 Stat., 107, and 29 Stat., 876); sonwys in pfogrees; 
United States Surveyor General at Salt Lake City. 

Washington. — ^Included in the Oregon TeiritOTy, title to which 
was established in 1846, and admitted into the Union November 11, 
1889 (25 Stat., 676, and 26 Stat., 1552); surveys in progress; United 
States Surveyor General at Olympia. 

Wiseonem, — ^Included in the territ(»y of the (original thirteen 
States, and admitted into the Union May 29, 1848 (9 Stat., 283); 
surveys practically completed and original records transferred to 
the OommissianeiB of Public Lands at Madison. 

W^foming. — ^Included with lands acquired under the Louisiana 
Purchase, in 1803, with lands annexed with Texas, in 1845, with 
lands included in the Oregon Territory, title to which was estab- 
Ikhed in 1846, and with lands ceded by Mexico, in 1848, and 
admitted into the Union July 10, 1890 (26 Stat., 222); surveys in 
progress; United States Surveyor General at Cheyenne. 

District of Alaska. — Ceded by Bussia in 1867; surveys in progrees; 
United States Surveyor Grenend at Jimeau. 

8. After the admission of the States into the Union the United 
States continued to hold title to the unappropriated lands and to 
administer its public-land laws with reference thereto, and it is ex- 
pressly provided, as one of the conditions set forth in the various 
enabling acts, that the title to unappropriated lands within the 
State diall remain in the United States. The lands in the Territo- 
ries not appropriated by competent authority before tiiey were 
acquired are in the first instance the exclusive property of the 
United States, to be disposed of to such persons, at such times, 
in such modes, and by such titles as the Government may deem 
most advantageous to the public. Congress alone has the power, 
derived from Article IV, section 3, of the Constitution, of disposing 
of the public domain and making all needful rules and regulations 
in respect thereto. 

8» Under the laws of the United States the navigable waters have 
Idways been and shall forever remain common highwajrs, and below 
mean high water the same are not subject to survey and disposal. 
This reservation includes all tidewater streams, and other important 
t^ntaanent bodies of water whose natural and normal condition at 



REGUIJmONB IMPOSED BY LAW. S 

the date of the admissioii c^ a State into the Union was such as Ui 
classify the same as na\dgable water. 

4. The act of Congress approved March 2, 1849 (9 Stat., 362), 
granted to the State of Louisiana aU the swamp and overflowed 
lands within the limits of the State for the purpose of aiding in 4he 
reclamation of said lands, and the act of Congress approved Sep- 
tember 28, 1850 (9 Stat., 519), extended the grant to the other puMic 
land States then in the Union. The grant was also extended to the 
States of Minnesota and Oregr:n by the act cf Congress approved 
March 12, 1860 (12 Stats., 3). The provisions of the aforementioiied 
grants apply to the zone situated b^ow the uplands wherein the 
lands are of such a character tbat without the construction of «uit* 
able levees and artificial drainage systems the same would be wet 
and unfit for agricultural piurposes. The swamp-land grants apply 
to aU swamp and overflowed lands within the beneficiary States 
which were unappropriated at the dates of the acts of Congress and 
whose character at thmt tivie would bring them within the provi- 
sions of said grants. A notable exception to the swamp-land laws 
is found in the Arica^sas Compromise Act approved April 29, 1898 
(SO Stat., 367), by virtue of which all right, title, and interest to 
the remaining unappropriated swamp and overflowed lands within 
the State of Arkan^s reverted to the United States. 

5. It comes within the province of the Department of the Inte- 
rior to consider and determine what are public lands, what lands 
have been surveyed, what are to be surveyed, what have been di^ 
posed of,* what remain to be disposed of, and what are reserved, and 
it is a well-settled principle of law that the United States, through 
the Department of tbe Interior, has the right to extend the surveys 
as may be necessary to Include lands omitted from earlier surveys. 
It is an important duty of the surveyor in the field to discriminate 
between what are and what are not public lands ci the United 
States and to subdivide the f<mner in accordance with the regula- 
tions imposed by law. 

LAWS RELATINO TO SUBVEYS. 

6. The rectangular surveying system is based upon existing law 
and was devised with the object of marking upon the ground Md 
fixing for all time legal subdivisions for purposes of descriptio|i and 
disqposal of the public domain under the general land laws of the 
United States. . . i 

7« The rectangular system of survey of the public laiucls was inau« 
gurated by a committee appointed by the Continental Congress. 
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On the 7th of May, 1784, this committee reported *'An ordinance 
lor ascertaining the mode of locating and disposing of lands in the 
western territory, and for other purposes therein mentioned." The 
ordinance as finally parsed on the 20th of May, 1786, provided for 
townships 6 miles square, containing 36 sections of 1 mile square. 
The first public surveys were made under this ordinance. The 
townships, 6 miles square, were laid out in ranges extending north- 
ward from the Ohio River, the townships being numbered from 
south to north, and the ranges from east to west. The region em- 
braced by the surveys under this law forms a part of the State of 
Ohio. In these initial fiuryeys only tiie extetkx. lines of the town- 
ships were surveyed, but the plat» were marked by subdivisions 
into sections of 1 mile square, and mile comon were established on 
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the township lines. The sections were numbered from 1 to 36, and 
the surveyd were made under the direction o| the Greographer of 
the United States. 

The act of Congress approved May 18, 1796, provided for the 
appointment of a surveyor general and directed the survey of the 
lands northwest of the Ohio Eiver and above the mouth of the Ken- 
tucky River, "in which the titles of the Indian tribes have been 
extinguished." Under this law it was provided that "the sections 
shall be numbered, respectively, beginning with the number on0 
in the northeast section and proceeding west and east alternately 
through the township, with progressive numbers till the thirty-sixtt 
be completed.'* This method of numbering sections, as shown by 
theacteotoipanying cliagram, is etill in use. ' 
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The act of Gongresp approved May 10, 1800, required the ''town- 
flhipfl wmt of the Muskingiim, ^ich * * * are directed to be 
sold in quarter townflhips, to be subdivided into half sections of 
three hundred and twenty acres each, as nearly as may be, by run- 
ttiog parallel lines through the same from east to west and from south 
to north at the distance of one mile from each other, and marking 
comen Bt ihe distance of each half mile on the line^ running hxmi 
east to west and at the distance of each mile on those running from 
south to U(Nrtii. * * * And the interior lines of townships inter- 
sected by the Muskingum, and of all the townships lying east of 
that river, which have not been heretofore actually subdivided itito 
sections shall also be run and marked. * * * And in all cases 
where the exteri<»r lines of the towndups thus to be subdivided into 
sections or half sections shall exceed, or shall not extend, six miles, 
the excess <»* deficiency shaU be specially noted and added to cat 
deducted from the western and narthean ranges of sections or half 
septjons in such townships, according as the efror may be in run- 
ning the lines from east to west. or from south to north." 

The act of Congress i^^lMroved February 11, 1805, directs the sub- 
division of the public lands into quarts sections and {Mrovides that 
all- thecoriMEB marked in ihe public surveys shall be established 
as the im>p«r comers of sections, or subdivisions of sections, which 
they were intended to designate, and that comers of half and quar- 
ter sections not marked shall be placed as nearly as possible ''equi- 
distant from tibose two comers which stand on the same lin^." 
iniis act further provides Uiat "The boundary lines actually run 
aQ4 marked * * * shall be establi^ed as ihe proper boundary 
linea of the sections or subdivisions tor which they were intended; 
aad &e length of su^h lines as returned by * * ^ the survey^ 
ore * * ^ shall be h^d and considered, as the trae length thereof, 
aad the boundary lines which shall not have been aotuaUy run and 
BU^rked as aforesaid shall be ascertamed by running straight lines 
ft(xm the established comers to the opposite corree^nding coman; 
but in those portions of the fractional townships where no such oppo- 
site or conresponding comers have been or can be fixed, the said 
boundary lines shall be ascertained by running from the established 
epai^ierB due north and south or east and ,west lines, as the case may 
be, to the * * * external boundary of such fractional *ownr 

-lane^^t ^ (Jeagrw SN^Pioved April 26, 1812, provided ''Tkf^t 
there shall be established in the Department of the Treasury an 
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office to be denominated the General Land Office, tiie chief officer 
of which shall be called the Gommiasioner of the Creneral Land 
Office, whoee duty it shall be, under the direction of the head &i 
the department, to superintend, execute, and perform all such acts 
and things touching or respecting the public lands of the United 
States, and other lands patented or granted by the United States^ 
as have heretofore been directed by law to be done or performed in 
the office of the Secretary of State, of the Secretary and R^^istw of 
the Treasury, and of the Secretary of War, or which shall heroilter 
by law be assigned to the said office. ' * 

The act of Congress approved April 24, 1820, provides fmr the «de 
of public lands in half-quarter sections, and requires that *'in evety 
case of the division of a quarter section the line for the divirion 
thereof shall run north and south * * * and fractkmal sections, 
containing one hundred and sixty acres and upward, flhall, in like 
manner, as nearly as practicable, be subdivided into half-quarter 
sections, under such rules imd regulations as may be prescribed by 
the Secretary of Hie Treasury; but fractional sections containing 
less than one hundred and sixty acres ehall not be divided." 

The act of Ccmgress approved May 29, 18S0 (sees. 2412, 2413, R. 
S. ), provides for the fine and imprisonment of any pmvon obstnH^tni^ 
the mirvey of the public lands, and for the protecticm of smrveyoiB, ia 
the discharge of their official duties, by the United Btaitei raariMt» 
with sufficient force, whenever necessary. 

Hie act of Congress approved April 5, 1832, directed the sab- 
division of the public lands into quarter quarters; that in every ease 
of the division of a half-quarts section the dividing line riioidd rutt 
east and west; and that fracticmal sections should be subdivided 
under rules and regulaticns prescribed by the Secretary of the 
Treasury. Under the latter provisioa the (Secretary directed that 
fractional sections containing less than 160 adres, or tiie residuary 
X>orti(m of a fractional secticA, after the subdivisien into as many 
quarter-quarter sections as it is susceptible of, may be subdivided 
into lots, each containing the quantity of a quarter-quarter secti^ 
as nearly as practicable, by so laying down the line of subdivision 
that they shall be 20 chains wide, which distances are to be marled 
on the plat of subdivisioin , as are also the areas of the quarter qttaitsn 
and residuary fractions. 

The last two acts above mentioned provided that the comen and 
contents of half-<iuarter and quarter-quartw seeti«Q»4h0idd beasciw- 
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teimed, a» neaily as possible, in the manner and on the piindj^es 
directed and j^rescribed in the act of Ck>ngre68 approved February 
11. 1805. 

The act of CongresB approved July 4, 1836, iNx>vided for the re- 
organization of the General Land Office, and that the executive 
dutiee of said office ^'shall be subject to the supervision and control 
of the Onunissioner of the Greneral Land Office under the direction 
of the President of the United States/' The repealing clause is, 
"ThsA such provisions of the act of the twenty-fifth of April, in the 
yuar one thousand eight hundred and twelve, entitled ^An act for 
the establishment of a Greneral Land Office in the Department of 
the Treasury,' and of all acts amendatory thereof, as are incon- 
sistent with the provisions of this act, be, and the same are hereby, 
repealed." 

From the wording of this act it would appear that the control of 
the General Land Office was removed from the Treasury Depart- 
naent, and that the commissfconer reported directly to the President; 
but, as a matter of fact, the Secretary of the Treasury still had 
supervisory control, for the act of Congress improved March 3, 1849, 
by which the Departm^it of the Interior was established, provided, 
"That the Secretary of the Interior shall periorm all the duties in 
relation to the Genesal Land Office, of supervision and ai^eal, now 
discharged by the Secretary of the Treasury * ♦ *." By this 
act the Gencffal Land Office was transferred to the Department of 
the Int6ri(», where it still remains. 

8. The foUowiog cooiprises so much of the general laws relating to 
the survey iA the public domain as it is deemed necessary to incor- 
porate in this volume, reference being made by chapter and section 
to the codificatKHi of the Public Land Laws, prepared pursuant to 
acts of Congress approved March 3, 1879, and June 16, 1880, and by 
section number to the Revised Statutes of the United States. 

Sso. 92, TheCommieaioner of the General Land Office shall per- 

!erm« under the direction of the Secretary of the 
^^^^^^ "^ ^°'' Intericar, aU egtecutive duties appertaining to the 
. ' surveying and sale of the public lands of the 

United States, or in anywise respecting such public lands; and, 
abo, such as.relate to private claims of lands, and the issuing of 
puteots for all grants of land under the authority of the Qovem- 
nent (B. S.»4^.) 
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8kc. 61. TheCommissicm^, under the direction of the Secretarf 

of the Interior, 1b authorized to enforce and carry 
mStoSr to ^X ^^ execution every part of the pubUc land laws 
regulations ^^^ otherwise specially provided for. (R. 8., 

2478.) 
• Sec. 77. There shall be appointed by the President, by and with 

the advice and consent of the Senate, a surveyor 

^ Surveyor general, general for the States and Territories herein named, 
how and where ap- ° , . xi i • j*^.. J 

pointed. embracing, respectively, one surveying district, 

namely: Louisiana, Florida, Minnesota, Kansas, 

California, Nevada, Oregon, Nebraska and Iowa, Dakota, Odlorado, 

New Mexico, Idaho, Washington, Montana, Utah, Wyoming, Arizona. 

(R.S.,2207.) 

Sec. 83. Every surveyor general, while in the discharge of the 

Residence of sur- duties of his office, shall reside in the district for 

veyor general. which he is appointed. (R. S. 2214.) 

Sec 84. Every surveyor general shall, before entering on the 

duties of his office, execute and deliver to the 
Bond of surveyor Secretary of the Interior a bond, with good and 

sufficient security, for the penal sum of thirty 
thoiisand dollars, conditioned for the faithful disbursement, ac- 
cording to law, of all public money placed in his hands, and for 
the faithful performance of the duties of his office; and the Presi- 
dent has discretionary authority to reqiure a new bond and additional 
security, under the direction of the Secretary of the Interior, for the 
lawful disbursement of public moneys. (R. S., 2215, 2216.) 
Sec. 85. The commission of each surveyor general shall cease and 
^ .. . ^ expire in four years tom the date thereof, imless 

Duration of office. '^ j. j i. j :^i. * ^ % 

sooner vacated by death, resignation, or removal 
from office. (R. S., 2217.) 
Sec. 86. Every surveyor general, except where the President sees 
Continuance of cause otherwise to determine^ is authorized to con- 
duties and bond tinue in the uninterrupted discharge of his regular 
after expiration of official duties after the day of expiration of his 
<»™™^^<"** commission and until a new commission is issued to 

him for the same office, or until the day when a successor enters upon 
the duties of such office; and the existing (^dal Ixmd of any officer 
so actmg shall be deemed good and sufficient and in force imtil the 
date of the approval of the new bond to be given by him, if recoin^ 
missioned, or otherwise, for the additi(mal time he may so ccintinue 
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ofllciaUy to act^ pursuant to the authority of this section. (K. S., 
2222.) 

. Sec. 87. Whenever the surveys and records of any eurveyijig die- 
Transfer of papers *'^* *■* conE^l«ted t^ surveyor general thereof 
and discontimuBioe shall be required to deliver over to the secretary 
of omoe in case of of state of the respective States, including such 
completed surveys, gurveys, or to such other oflScer as may be authorized 
to receive them, all the field notes, maps, records, and other papers 
appertaining to land titles within the same; and the office of surveyor 
geaeral in every such district shall thereafter cease and be discon* 
tinned. (R. 8., 2218.) 
Sec. 88. In all cases of discontinuance, as provided in the preced- 
ing section, the authority, powers, and duties of 

Devolution of the surveyor general in relation to the siurvey, re- 
powers upon Com- " ",. . . i. ^i. i j . t. • j « 
missioner in case of s^^urvey , or subdivision of the lands therein, and all 

disoontinnaaoe. matters and things connected therewith, diall be 

vested in and devolved upon the Commissioner of 
the General Land Office. (R. S., 2219.) 
Sbo. 89. Under the authority and direction of the Commis- 
sioner of the General Land Office any deputy 
Free access to surveyor or other agent of the United States shall 
puWic records de- y^y^ ^^ access to any such field notes, maps, 
llvered to States, , , .i_ # .u * 

and oonditl6n of records, and other papers for the purpose of 

soch delivery. taking extracts therefrom or making copies 

thereof without charge of any kind; but no transfer 
of fflich public records shall be made to the authorities of any State 
until such State has provided by law for the reception and safe- 
keeping of such public records, and for the allowance of free access 
thereto by the authorities of the United States. (R. S., 2220, 2221.) 
Skg. 99. First. The public lands shall be divided by north and 

^ , , south lines run according to the true meridian, and 

Rules of survey. , ^, . ./ ^ * • vx i ^ 

by others crossing them at right angles, so as to 

form townships of six miles square, unless where the line of an In- 
dian reservation, or of tracts of land heretofore surveyed or pat- 
ented, or the course of navigable rivers, may render this impracti- 
cable; and in that case this rule must be departed from no further 
than such particular circumstances require. 

Seoon4; ^The comers of the townships must be marked with pro- 
gressive numbers from the begiiming; each distance of a mile between 
0uch comers must be also distinctly marked with mark-^ different 
from those of the comers. 
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Third. The township shall be subdivided into sections^ containing 
08 nearly as may be, six hundred and forty acres each, by running 
through the same, each way, parallel lines at the end of every two 
miles^; and by making ac(»mer on each of such lines at the end of 
every mile. The sections ^lall be numbered, respectively, begin- 
ning with the number one in the northeast section, and proceeding 
west and east alternately through the township with progressive 
numbers till the thirty-six be completed. 

Fourth. The deputy surveyors, respectively, shall cause to be 
marked on a tree near each comer established in the manner de- 
scribed, and within the section, the number of such section, and 
over it the number of the township within which such section may 
be; and the deputy surveyors shall carefully note, in their respective 
field books, the names of the comer trees marked and the numbers 
so made. 

Fifth. AMiere the exterior lines of the townships which may be 
subdivided into sections or half sections exceed, or do not extend 
six miles, the excess or deficiency shall be specially noted, and added 
to or deducted from the western and northern ranges of sections or 
half sections in such townships, according as the error may be in 
running the lines from east to west, or from south to north; the sec- 
tions and half sections boimded on the northern and western lines 
of such townships shall be sold as containing only the quantity 
expressed in the returns and plats, respectively, and all others as 
containing the complete legal quantity. 

Sixth. All lines shall be plainly marked upon trees, and measured 
with chains, containing two perches of sixteen and one-half feet 
each, subdivided into twenty-five equal links; and the chain shall be 
adjusted to a standard to be kept for that purpose.^ 

Seventh. Every surveyor diall note in hjs field book the tnife 
situations of all mines, salt licks, salt springs, and mill seats which 
come to his knowledge; all water courses over which the line he runs 
may pass; and also the quality of the lands. 

Eighth. These field books shall be returned to the surveyor gen- 
eral, who shall cause therefrom a description of the whole lands sur* 

1 Authority for the establishment of section lines at Intervals of 1 mile is found 
in the act of Congress approved May 10, 1800, previously quoted. 

'The superior results obtained by the use of modem steel ribbon tapes, in omi- 
trast with the obsolete link chain, have led to the abandonment of the latter, 
except that the " chain unit,'' which is peculiarly adapted to land surveying, has 
always been employed. 
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veyed to be made out and tranflmitted to the officers who may 
superint^id the sales. He shall also cause a fair plat to be made 
of the townships and fractional parts of townships contained in the 
lands, describing the subdivisions thereof, and the marks of the 
comers. This plat diall be recorded in books to be kept for that 
purpose; and a copy thereof shall be kept open at the surveyor 
general's office for public information, and other copies shall be 
s^t to the places of the sale and to the General Land Office. (Acts 
of May 18, 1796, and May 10, 1800, and R. S., 2395.) 

Sbc. 100. The boundaries and contents of the several sections, half 

Boundaries and 0O<^^i<^^} <^cl quarter sections of the public lands 
contents of pid)Uo shall be ascertained in conformity with the follow- 
lands, how asoer- ing principles: 

***'*^* Firet. All the comers marked in the surveys 

returned by the surveyor general shall be established as the proper 
comers of sections, or subdivisions of sections, which tiiey were 
intended to designate, and the comers of half and quarter sections, 
not marked on the surveys, shall be placed as nearly as possible 
equidistant from two comers which stand on the same line. 

Second. The boundary lines, actually run and marked in the 
surveys returned by the surveyor general, shall be established as 
tibe proper boundary lines of the sections or subdivisions for which 
they were intended, and the lengtili of such lines as returned shall be 
held and considered as the true length thereof. And the boundary 
lines which have not been actually run and marked shall be ascer- 
tained by running straight lines from the established com^B to the 
opposite corresponding comers; but in those portions of the fractional 
townships, where no such opposite corresponding comers have been 
or can be fixed, the boundary lines shall be ascertained by running 
from the established camem due north and south or east and west 
lines, as the case may be, to the water course, Indian boundary^ 
line, or other external boundary of anch. fractional township. 

Third . Each section or subdivision of section, the contents whereof 
have been returned, by the smrveyor general, dmll be h^d and 
considered as containing the exact quantity expressed in such return ; 
and the half sections and quarter sectioiis, the contents whereof 
flhall not have been thus retumed, shall be held and considered as 
coptainiitg the one-half or the one-fourth part, respectively, of the 
retumed contents of the section of which they may make part. 
<Acief Feb. 11, 1805, and R. S., 2396.) 
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Sec. 101. In every case of the divicdon of a quarter section the 

line for the division thereof shall ran north and 
of^hau uirtel^ ^^^^' ^^^ *^® comers and contents of half-quarter 
tions! how^nm. ^^ sections which may thereafter be sold shall be 

ascertained in the manner and on the principles 
directed and prescribed by the section preceding, and fractional 
sections containing one hundred and sixty acres or upwards e^U in 
like manner, as nearly as practicable, be subdivided into half- 
quarter sections, under such rules and regulations as may be pre- 
scribed by the Secretary of the Interior, and in every case of a division 
of a half-quarter section, the line for the division thereof iahall run 
east and west, and the comers and contents of quarter-quarter sec- 
tions, which may thereafter be sold, shall be ascertained, as nearly 
as may be, in the manner and on the principles directed and pre- 
scribed by the section preceding; and fractional sections coBtaining 
fewer or more than one hundred and sixty acres shall in like manner, 
as nearly as may be practicable, be subdivided into quarter-quart^' 
sections, under such rules and regulations as may be prescribed by 
the Secretary of the Interior. (R. S., 2397.) 
Sec. 106. The public surveys shall extend over all mineral lands, 

and all subdividing of surveyed lands into lots lees 
Extension of pub- ^^^^ ^^^ hundred and sixty acres may be done by 

^ra'toi. ""^^"^ ^^^*y ^^^ ^^^^ surveyors at the expense of 

claimants; but nothing in this section contained 
shall require the survey of waste or useless lands. (R* S., 2406.) 
Sec. 118. Each surveyor general, when thereunto duly authcaized 

by law, shaU cause all confirmed private land 
Surveyors general claims within his district to be accurately Ertir- 

to survey private ^^y^ ^nd shall transmit plats and field notes 
land claims when ,'., ^ .. nxi./^ it j 

oonfirmed, etc. thereof to the Commissioner of the General Land 

Office for his approval. When publication of sudi 
surveys is authorized by law, the proof thereof, together with any 
objections properly filed, and all evidence submitted either in sup- 
port of or in opposition to the approval of any such survey, shall also 
be transmitted to said Commissioner. (R. S., 2447.) 

Sbc. 120. Every person who in any manner, by threat or force, 

♦ intermpts, hinders, or prevents the surveying of 

Penalty for inter- ^^^ public lands, or of any private laind claim 

rupting surveys. ^^.^^ ^^ ^^^^ ^^ ^^ ^^ confirmed by the 

United States, by the persons authorized to survey the same, in 
conformity with the instructions of the Commissioner of the Gen- 
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era! Land Office, shall be fined not lees than fifty dollars, nor more 
than three tiiotisand dollars, and be imprisoned not less than one not 
more than three years. (R. 6., 2412.) 

Sbo. 121. Whenever the President is satisfied that forcible oppo- 
sition has been offered, or is likely to be offered, 

Proteotioii <rf BUT- ^ ^^^y gurveyor or deputy surveyor in the dis* 

^rict, diarge of his duties in surveying the public lands, 

it may be lawful for the President to order the 
mamhal of the State or district, by himself or deputy, to attend sadi 
surveyor or deputy surveyor with sufficient force to protect such 
officer in the execution of his duty, and to remove force diould any 
be offered. (R. 8., 2413.) 

9. More recent legislation has brought about (a) provision for the 
appointment of a United States Surveyor General for the District 
of Alaska ; (b) auth<nrity for the purchase of durable monuments, to be 
employed in place of native material to mark public land comers; 
(e) penalty for the destruction of monuments of the public land 
surveys; (d) authority for necessary resurveys; and («) change of 
survey system from contract to direct with authority for the em- 
ployment of a permai^nt corps of United States surveycNn; all as 
indicated by the following quotations from the United States 
Statutes: 

The act of Oongress approved May 17, 1884, providing a civil 
govemmeiit for Alaska, provides "That the said 

toftto 'dLSSTS ^^*^*^^ ^' ^^'^^^ " hereby created a hmd dis- 
Alaska. ^^* * * * and the marrfial provided for by 

this act shall be ex officio surveyor general of said 
district." (28 Stat., 24, sec. 8.) The act of Congress approved 
July 24, 1897, amends the act approved May 17, 1884, and provides 
''That there shall be appointed by the President, by and with the 
advice and consent of the Senate, a surveyor general for the District 
of Aiaaka, embracing one surveying district." (SOStat., 215, sec. 2.) 
The act of Congress approved May 27, 1908, provided "for the 

purdiase of metal monuments to be used for 
jj^^^^ metal pu^ji^g jj^^j survey comers wherever practicable. * » 

(35 Stat., 847.) This authority was amplified by 
the act of Congress approved June 25, 1910, making appropriation 
for sundry civil expenses for the fiscal year ended Jime 30, 1911, 
mm)* has been continued from year to year to the present timef 
The «^ approved July 1, 1918, iprovided, under ** Surveying tiie 
Public Lands,'' as follows: 
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"That the 0um of not exceeding 10 per centum of the amouBt 
hereby apprq[>riated may be expended by l^e CommiHaaneg of the 
General Land Office, with the approval of the Secretary of the 
Interior, fOT the purchase of metal or other equally durable numu- 
mentB to be used for public land survey coraers ^efever practi- 
oable: * * *." (40 Stat., 668.) 

The act of Congress approved Mardi 4. 1900, entitled ''An act to 

Penalty tor the <^^> Yovise, and amend the penal laws of the 
destraetjoii M stir- United States/' provides punishment teoffsoset 
vey monuments. against the(q>ecationof thesurveyingmrvioex)! th« 
Govemm^it, as follows: 

''Whoever shall willfully destroy, deface, duo^ge, or reiDOve to 
another place any section comer, quarter-sectioa comer, or meander 
post, on any Government line of survey, or shall wiUftdly cut down 
any witness tree or any tree blazed to mark the line of a GoYammeiit 
survey, or shall willfully deface, change, or remove any monument 
or bench mark of any Government survey, ahall be fined not mon 
than 1250, or imprisoned not more than six months, or both." (35 
Stat., 1088, sec. 57.) 

The act of Congress approved March 3, 1900, entilded ''An act 

auth(»izing the neceeeary resurvey of public 
lio lands ^ ^ ^^^ lands,*' as amended by joint resolution approved 

June 25, 1^0, provides as follows: 

"That the Secretary of the Intmor may, m his discretion, cause 
to be made, as he may deem wise under the rectangtilar fystem now 
provided by law, such resurveys or retracements of the surveys of 
public lands as, after full investigation, he may deem essential to 
pioperly mark the boundaries of the public lands remaining undis- 
posed of: Provided f That no such resurvey or retracement shall be eo 
executed as to impair the bona fide rights or claims of any claimant^ 
fmtryman, or owner of lands affected by such resurvey or retracemmU: 
Provided further y That not to exceed 20 per centum of the total 
annual appropriation for surveys and resurveys of the public landc 
shall be used for the resurveys and retracements authorized here- 
by.'* (35 Stat., 845, and 36 Stat., 884.) 

The act of Congress aj^jroved September 21, 1918, entitled "An 
act authorizing the resurvey or retracement of lands heret(^oxe re- 
tuined as surveyed public lands of the United States under certain 
conditions'', provides authority for the resurvey by the Qovqcb- 
■lent of townships heretofore held to be ineligibls lor remrvoy 
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under existing regulations of the Department of tbe Interior by 
reMon of diepoeals in excess of fifty per centum of l^e total area 
ikutnot. The act provides: 

'* That upcm ^e application of the owners of three-fourths of the 
privately owned lands in any town^p covered by public4and 
surveys, more than fifty per centum of the area of which townships 
is privat^y owned, accompanied by a deposit with the United 
States surveyor general for the proper State, or if there be no sur- 
veyor general of such State, then with the Commissioner of the 
General Laad Offiboe, of the proportionate estimated cost, inclusive 
ol the necessary (dfice) work, <;^ the lesurvey (a retraoement of all 
tibe privately owned lands in said town^p, the Commissioner of 
the General Land Office, subject to the supervisory authority of the 
Secretary of the Interior, shall be authorized in his discretion to 
cause to be made a resurvey or retracement of the lines of said 
township and to set permanent comers and monuments in accord- 
ance with the laws and regulations governing surve}^ and resurveys 
of public lands; that the^ sum so deposited shall be held by the 
surveyor general or commissioner when ex officio surveyor general 
and may be expended in payment of the cost of such siurvey, in- 
cluding field and office work, and any excess over the cost of such 
survey and the expenses incident thereto shall be repaid pro rata 
to the persons making said deposits or their legal representatives; 
that the proportionate cost of the field and office work for the re- 
survey or retracement of any public lands in such township absJl 
be paid from the current appropriation for the survey and resurvey 
of public lands, in addition to the portion of such appropriation 
otherwise allowed by law for resurveys and retracements; that 
similar resurveys and retracements may be made on the applica- 
tion, accompanied by the requisite deposit, of any court of compe- 
tent jurisdiction, the returns of such resurvey or retracement to be 
submitted to the court; that the Secretary of the Interior is author- 
ized to make all necessary rules and regulations to carry this act 
into full fcMTce and effect.'' (40 Stat., 965.) 

The act of Congress approved June 25, 1910 (36 Stat., 703, 740), 

making appropriation for sundry civil expenses 
adwtfcm of sdT. ^^j. ^^^ ^jjg^j y^^ ^^^^ j^g 3Q^ jgjj^ provided, 

under "Surveying the Public Lands": "Thesur- 
ipey0 and resurveys to be made by such competent surveyors as the 
Secretaryof the Interior may select, * * *." This provision of law. 
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brought to a close the contract system which had th^^tofore been 
adhered to since the beginning of the public land surveys, and 
the authority for the employment of a permanent corps of United 
States surveyors has boon continued from year to year to the pres- 
ent time. The following comprises that part of the act of Congress 
approved July 1, 1918, under "Surveying the Public Lands," re- 
lating directly to the administrative control of the surveying service: 
"For surveys and resurveys of public lands, under the supervision 
of the Commissioner of the General Land Office and direction of the 
Secretary of the Interior, * * *. llie surveys aiid resurveys 
provided for in this appropriation to be made by such conipetent 
surveyors as the Secretary of the Interior may select, * ♦ ♦. " 
(40 Stat., 668.) 

GENERAL RULES. 

10. From the foregoing synopsis of congressional legislation it is 
evident — 

First. That the boundaries of the public lands established and 
returned by the duly appointed surveyors, when approved by the 
surveyors general and accepted by the Commissioner of the General 
Land Office, are unchangeable. 

Second. That the original township, section, and quarter-section 
oomers established by the surveyors must stand as the true comers 
^hich they were intended to represent, whether in the place shown 
by the field notes or not. 

Third. That quarter-quarter-section comers not established in the 
process of the original survey shall be placed on the line connecting 
the section and quarter-section comers, and midway between them, 
except on the last half mile of section lines closing on the north and 
west boundaries of the township, or on other lines between fractional 
or irregular sections. 

Fourth. That the center lines of a r^ular section are to be straight, 
running from the quarter-section comer on one boundary of the sec- 
tion to the corresponding comer on the opposite section line. 

Fifth. That in a fractional section where no opposite corresponding 
quarter-section comer has been or can be established, the center line 
of such section must be run from the proper quarter-section c(»mer 
as nearly in a cardinal direction to the meander line, reservation or 
other boundary of such fractional section, as due parallelism with 
section lines will permit. 
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Sixth. That lost or obliterated comers of the approved surveys 
must be restored to their original locations whenever it is possible to 
do so. Actions or decisions by surveyors which may result in 
changes of boundaries of patented lands and disturb questions of 
ownership in connection therewith are subject to review by the 
courts. 

THE MANUAL. 

11* Various regions of the United States have been , surveyed 
under different sets of instructions issued at periods ranging from 
1785 to the present time. The earlieet rules were given to surv^ors 
in manuscript or in printed circulars. Regulations more in detail, 
improving the system for greats accuracy, permanency and uni- 
formity, were issued in book form in editianti of J 855, 1881, 1890, 
1894 and 1902. 

The liianual of Surveying Instructions has been again revised with 
a view to harmonizing the printed instructions furnished to the sur- 
veyors with recent legislation and current surveying practice. The 
use of iron-post comer monuments adds much to the permanency 
of the evidence of the surveys, but this calls for little change in rules 
except to outline the standard practice. A growing necessity for 
resurveys to identify and restore original surveys actuaUy made, but 
poorly monumented, or to supersede grossly erroneous or fraudulent 
original surveys — "to properly mark the boundaries of the public 
land remaining undisposed of' — ^has demanded a full discussion of 
the subject in this revision of the Manual. The change from the 
contract sjrstem to the present system under which the public-land 
surveys are executed by a permanent corps of surveyors employed 
by the (General Land Office has involved changes in the administra- 
tive control without departing from previous technical procedure, 
and hereafter throughout the Manual all Teieieoce to administrative 
questions will be found to be stated in general terms in order to avoid 
confusing that matter with the purely technical subjects. Modern 
surveying practice has been introduced into the public-land surveys 
as far as legally consistent and efficient, which has prompted a rather 
full instructive treatment of the subjects of measurements with long 
steel tapes, stadia method and triangulations, and field observations 
for the determination of time, latitude and azimuth, to afford 
versatility on the part of the surveyor in adopting methods best 
suited to the evervchanging conditions under ^diich his work must 
be accomplished. 
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• 

Tlie instructions contained in this Manual are to be obeenred by 
eveiy sonreyor engaged in the execution of the public-la&d surreys. 
All other Borveyors, including those who have at tunes been em- 
{^ojred iB the surveying service of the Greneral Land OflSoe, should 
bear in mind that in their private capacities they are acting under 
somewhat different rules of law from those governing original sur- 
veys, and surveyors should discriminate between the provisions of 
the statute whidi control original surveys and those which apply to 
the retracement of lines that have be^ officially establiidied and 
Improved. 

THE STANDABD FIELD TABLES. 

12. There has been published by the General Land Office, in tb.e 
«hape of a pocket field book, a compendium of tables and formulas 
entitled ''Standard Field Tables.'' The volume embraces the data 
peculiarly us^l to surveyors ei^aged in subdividing the public 
lands. The Standard Field Tables are issued as a supplement to 
the Manual, and as such tbeformer are apartof the latter, with con- 
tents as follows: 

1. Units of linear measure, units of area, expansion of steel tapes, 

and conversion tables; chains to feet and feet to chains. 

2. Reduction in latitude to south boundary of township, and cor- 

rections for conva:gency within a township. 

3. Traverse table, for the correction of random lines. 

4. Traverse tables. 

5. Oorrecti<m of error in stadia wire interval. 

6. Stadia coefficients, vertical rod. 

7. Natural sines and cosines. 

8. Natural tangents and cotangents. 

9. Logarithmic sines, cosines, tangents and cotangents. 

10. Logarithms of numbers. 

11. Convergency of meridians, and differences of latitude and Icmgi- 

tude. 

12. Azimuths of the tangent to the parallel. 

13. Ofbets from the tangent to the parallel. 

14. Azimuths of the secant. 

15. Offsets from the secant to the parallel. 

16. Lengths of arcs of the earth's suilace. 

17. Apparent time of sunrise and sunset. 

18. Oonvendon tables, d^rees to time, and time to degrees. 

19. Sidereal conversions, and reductions to the local mean time of 

upper culmination of Polaris. 
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20. Mean refractions in zenith distance. 

21. Coefficients to apply to mean refractions for variations in ba- 

rometer and temperature. 

22. Coefficients for computing errors in azimuth due to small errors 

in declination or latitude. 

23. Mean refractions in polar distance. 

24. Trigonometric formulas for the solution of plane triangles. 

25. Trigonometric formulas for the solution of stadia measurements, 

observations for time, latitude and azimuth, and problems 
in convergency. 

EPHEMEBIS OF THE SUN AND POLABIS, AND TABLES OP AZI- 

MIJTHS OF POLABIS. 

13. The above title has been given to a second supplement to the 
Manual which is published each year, a convenience which serves 
to supply the surveyors with all necessary data relating to the daily 
positions of the sun and Polaris without requiring frequent revision 
of the text of the Manual or the Standard Field Tables. As a supple- 
ment to the Manual the data contained in the Ephemeris will be 
adopted in preference to that contained in other publications over 
which the General Land Office has no control either as to accuracy 
or fitness for use in the public-land surveys. 



CHAPTER n. 

INSTRUMENTS AND METHODS. 

MBASUBEMBNTa 

14. The law preecribes the chain as the unit of linear measuie for 
the survey of the public lands, and all returns of measurements are 
to be made in true horizontal distances, in miles, chains and links. 
The chain unit is known as the invention of Edmund Gunter> an 
English astronomer c^ the seventeenth century, and is especially 
convenient in c<Hnputing areas in the unit of acres, one acre being 
equal to 10 square chains. 

Units of linear measure. 

1 chain^lOO links. 
=66 feet. 
1 mile»80 chains. 
=«5,280fcet. 

Units of area. 

1 acre»10 square chains. 
a43,560 square feet. 
1 square mile«640 acres. 

15* Each surveyor will be provided with a standard and an 
aasortment of 1, 2, 5 or 8-chain steel tapes. The standard tape will 
be employed for comparison with the field tapes, in order that errors 
in the latter may be noted and corrected. Before chainmen are 
Intrusted with their actual duties they should be instructed by the 
chief of party, and required to measure over one or more trial lines of 
level and mountainous surface, to secure accuracy and uniformity 
of results. 

16* It is essential to the record of a survey to state briefly at the 
beginning of the field notes, with every set of returns, the general 
maimer of making measurements in the survey, and as topographical 
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difiSculties are encountered making it necesBary to depart from the 
stated general method, it is desirable to record the plan of special 
measurement adopted. The field notes thus exhibit the manner of 
making all measurements, and the record should be such that another 
surveyor retracing any line can substantially duplicate the exact 
procedtu'e adopted in the original survey. 

The following paragraphs are illustrative of the record to be made 
in the field notes: 

''Unless otherwise specified all measurements are made with a 
Chicago 1-chain steel tape compared with a Chestennan standard 
steel tape and found correct." 

"Unless otherwise specified all measurements are made with a 
LalHe 2-chain steel tape found correct by compexisoii with a Luflda 
standard steel tape.'' 

"Unless otherwise specified all measurements are made with a 
Lufkin steel tape 8 chains in length cconpared with a Chegtennaii 
standard steel tape and found correct. The measur^nents are made 
on the slope, the vertical angle determined, and the slope measure- 
ments properly reduced to true horizontal distances." 

THB LONG STEEL TAPE. 

17. The most approved method of measurement involves the 
use of steel ribbon tapes frcmi 2 to 8 chains in length; in its use in 
the public-land surveys the tape is properly alined and stretched, 
and the measurements are made on the slope at any convenient dis- 
tance up to the length of the tape aa limited by the topography . The 
vertical angles of the less^ slopes are determined by the use of 
clinometers in the hands of the chainmen, while the vertical angles 
of the particularly sharp slopes are determined with the transit (qier- 
ated by the surveyor. The slope distances are then reduced to true 
horizontal distances and the entire operation suitably recorded. It 
is not considered necessary to exhibit in the official field notes any 
but the true horizontal distances, omitting details, except where 
precise measurements are made of various bases for special use. 

18. The following is an example of both field and final record 
for the use of the long steel tape and clinometer, and reductions by 
the use of the traverse tables (see Table 4, Standard Field Tables): 
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Field raoord. 




. 


Mean 

TBrti- 

cal 

angle. 


Dls. 
tanoe 

on 
slope. 


Tnie 

horlion- 

taldis* 

tanoe. 


Inter- 

medlate 

meat. 

iire- 

ment. 


Differ- 
ence in 
elftva* 
tion. 


final field notes. 

• 


i{^: 


Ckains, 

4.60 
2.20 


Ckabu. 

4.898 
2.096 

a498 
7.917 


CRoliit. 
8.80 

aoo 

1.20 
1.90 

1.U 


Chabu. 

-a 95 
-.06 

- .75 


Chaint. 

mso 

23.50 

24.70 
25.40 

82.80 
4a 00 


North, bet. sees. 19 and 91. 

Desc 155 ft. over NW, tiapt, 
through scattering tlmoer 
and dense undergrowth. 




6. 70 


Dry gulch^ooiirm W.; aao. 295 
ft. over SW. slope. 


+ Si* 


+ .75 
+1.15 

+2:10 

+ .44 




+19^ 


H.70 
^20 


14.413 
i.885 




-f 71* 


20.90 
8.80 


2a 2(8 
8.270 


( 


-«»• 


24.20 
8.00 


23.518 
7.949 


-a 91 

- .68 
-1.21 


Spur, slopes W.; desq, 181 ft. to 
1/4 tec cor., over NW.itaM. 
Wagon road, beais R. aad W. 
Leave vndergrowth. 


-ioi» 


82.20 
8.70 


8L4I7 
8.041 


Enter lieairytlniVier,tie8tf1lW. 
and 8B. 


-14 • 


85.90 
1.00 


86.10ft 
4.851 


» 


0* 


40.90 
.04 


89.969 
.04 








40.94' 


40.00 


" 


* 


4a GO 


4a 00 


Set an iron post, etc. 



Id. A simplificatiozi of the deduction of measuremoits cm the 
slope 18 obtained by the fuie of two diagrams constructed on crtss- 
section paper, as follows: The first with the vertical lines repre< 
seating intervals of 20 links measurement on the slope to 2, 5 or 
8 chains to suit the length of tape used; the horizontal lines repre- 
senting the collection in links to be made from the measurement 
on the slope to obtain the true horizontal distance; slanting lines 
are drawn to represent various degrees of slope scaled to the proper 
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Slap* HaaniramaM InCluiM 



3 tli« skipa to tbe hcriimtaJ. 



ISaTRUMKNTS AND MKTHODS. 



Fig- 2- 

Kuduuliou [ur differenra ot elevation. 
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points for the correction for the full length of the tape. The second 
diagram is constructed with the vertical lines representing similarly 
the measurement on the slope in the chain unit; the horizontal 
lines in this diagram representing the difference in elevation in 
feety at intervals of 5 feet; slanting lines are drawn to represent i^tarious 
degrees of slope scaled to the proper points for the differences of 
elevation for the full length of the tape. (See figs. 1 and 2.) 

20. The following is nn example of record for the use of the IcMig 
steel tape and clinometer, rjid reductions by the use of the reduction 
diagrams: 





Field record. 




1 
j 


Mean 

vertical 

angle. 


Dis- 
tance 

on 
slope. 


Correo- 

lioa to 
hori- 
zontal. 


Inter- 
mediate 
meas- 
ure- 
ment. 


encein 
eleva- 
tion. 


t 

! Final field notes, 

t 
t 


-12i* 
-ITi* 


Chains, 

4.50 
2.20 


Chains. 

0.10 
.10 


Chains. 
3.&0 

0.00 

1.20 
1.90 

1.15 

[ 


Fat. 

- 60 

- 45 

- 50 


Chains, 
10.30 

23.50 

24.70 
25.40 

32.60 
40.00 


North, bet. sees. 19 and ^. 
De.sc. 1-55 ft. over NW. slope. 

throagh scattering timber and 

dense undergrowth. 


( 

J 


0.70 
&00 


0.20 

.06 


Drv gulch, course W.; asc 205 
It. over SW. slope. 


+ Si« 


+ 50 
+ 75 

+ 140 

+ 30 


+19!» 


14.70 
6.20 


0.28 
.37 




+ 7r 


20.90 
3.30 


0.65 




-6J* 


24.20 
8.00 


0.68 
.05 


- 60 

- 45 

- 80 


Spur, slopes W.; dose. 1^ ft. to 
_}i sec. cor., over NW. slope, 
wagon road, be»rt E. mA w. 
Leave undei^owth. 




32.20 
3.70 


0.73 
*06 


Enter heavy timber, btitts NW. 


-101* 


and SE. 


-14 • 


35.90 
6.00 


0.79 
.15 




0* 


40.90 
.04 


0.94 
.00 








4!). 64 

"40. JO 
1 


0.94 






0.00 


Set an iron post, etc 
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21. By a skillful use of the long steel tape on the slope, with cor- 
rect determinationB of the vertical angle, and proper reductions 
from the slope to the true horizontal distance, the surveyor obtains 
one of the most rapid and reliable methods of measur^n^it. It is 
essential to make ^1 reducti(ms for distance ta the work progresses, 
but the additional information regarding the amount of the ascents 
and descents is readily obtainable from the record at the conven- 
ience of the surveyor. 

STAniA MEASUREMENTS. 

22* Under proper safeguards the stadia method of measiurement 
afEords a useful and reliable means of overcoming the difficulties of 
obtaining correct distances across water and over precipitous slopes 
that can not be reached with the tape. It is required that the wire 
interval or ratio be determined in the field by frequent tests imder 
working conditions in comparison with steel tape measurement, 
solving the formula given in the Standard Field Tables (p. 221) for 
the value of the wire ratio with the horizontal distance known. The 
record of the stadia^ tests should be given in the field notes. It is 
essential to accm-ate stadia work that rods of approved construction 
be used, together with two targets and a properly adjusted rod level 
to secure true vertical readings; the readings at all times must be 
restricted to suitable atmospheric conditions and to distances per- 
mitting exact bisections of the targets. Possible criticism of the use 
of the stadia method is found in the fallture to observe proper details 
and not in the reliability of the method if skillfully followed. 

2d* It is desirable to state briefly at the beginning of the field 
notes, with every set of returns, the general plan of making stadia 
measurements. The following paragraphs are illustrative of the 
character of such record: 

**A11 stadia measurements are made with fixed stadia wires with a 
ratio of 1 : 132 ±, as exhibited by the tests shown in the field notes; 
the focal constant of the instrument is 1. 2 links; the rod used is a 
standard Philadelphia level rod graduated to feet and equipped with 
two targets and a rod level; all readings are made with a vertical 
rod." 

"All stadia measiu-ements are made with fixed stadia wires with a 
i^tio of 1 : 100 ±, as exhibited by the tests shown in the field notes; 
the focal constant of the instrument is 1. 2 links; the rod used is a 
standard Troy level rod graduated to feet and equipped with two 
taigets and a rod level; all readings are made with a vertical rod." 
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24. Notation used in stadia measuremente: 

Hor. dist.: The true horizontal distance from the center of the in- 
strument to the rod. 

Diff. elev.: The true vertical distance from the height of the instru- 
ment to the center {xiint between the two targets of 
the rod. 

"r": Vertical rod reading. 

" r " : Observed vertical angle. 

" ^" : The wire interval or ratio. 

"c"; Distance from the center of the instrument to the object 
glass. 

**/'*: Distance from the plane of the cross-wires to the object glass. 

Hor. dist.=^rcos'i;+(c4/)cosr. 

Diff. elev.-JTr i sin 2v-|-(c-f-/) sin t. 




omi^. 



Eig.3 

25. In Table 0, Standard Field Tables, the natural functions 
"cos- v" and '*i sin 2a;" are tabulated by intervals of 2' for all 
angles from 0^ (K to 28^ 0^; these values become natural coefficients 
of the rod reading in the use of the vertical rod. In the same table 
are tabulated the natural products " (c-f/) cos u " and * ' (c-f/) sin v, " 
for three values of "(c4/) " which may be considered as expressed 
in either the link or foot unit as convenient. 

26. In public-land surveying it is convenient to have fixed stadia 
wires with a ratio of 1:132, so that the siun of two rod readings in 
feet will be equivalent to a ratio of 1:66, or a reduced distance in 
chains; it is also convenient to reduce the error in the wire interval 
to the error in 10 chains, and to eliminate the error by applying to 
the reduced distance the proper correction taken from the table 
of proportional parts (Table 5, Standard Field Tables). 
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fV. Example of test ef stadia wire interval, the appraximate 
ratio being 1:132. and the focal constant 1.2 links: 



Field record. 



Measurement of base by steel 
' tape and elinometer. 



Mean 
Tinrtical 




Distance 
on slope. 



True 

hofiaoBtal 

distance. 



Chains. 
3.90 
8.00 
2.20 



Total base 
Focal constant 

Stadia base 



« 



u 



ClMint. 
3.888 
7.998 
2.180 ' 

- 14.066 

- .012 

- 14.054chs. 
-*927.564rt. 



Vertical rod 
reading. 



6.908 
6.998 
7.002 
6.996 
7.003 
7.004 
6.997 
6.995 
7.001 
6.998 



Mean rod reading — 
Coefficient for 0*40^ -0.9999; 
0.0001X6.9966 

rcos^r — 

927.564 ^ 

Mea^oiodbase 
^^g^Wmean rod reading. 

13.997 —equivalent 1:66. 
13.997 X0.9999-13.996\ 

Error in 14.008 chs. by stadia 
Error in 10.00 chs. by stadia 



6.9985 
.0007 



6.9978 



— 14. 066 chs. 



14. 006 chs. 



0.068 chs. 
0. 041 chs. 



Final field notes. 



June 11, 1911. 1 make the foUow- 
inff test of the stadia wire intet^ 
vali 
Horizontallength 

of base -14.066Qhs. 

Mean of 10 rod 

readings — 6.9986ft. 
Vertical angle of 

of test O'W 

JT- 132. 551 
Reduced error in 
10 chs. -4.1 Iks. 

All corrections to be added to 
the distances given by the 
stadia. 



28. The error of the wire interval having beei^ determined for a 
distance of 10 chains, t^e proportional error for any distance from 1 
to 20 chains may be taken from Table 5, Standard Field Tables, 
thus eliminating all complex steps from the ordinary reductions 
of field observations. 

Emi^asis is placed upon the necessity for the above tests for 
aocuiate stiidia work, and attention is directed to Idie jHnbability 
that siKX^Bsive tests will show sli^tly incMasiiig or decreasing 
Yolues of the wire interval. It is not considMfed neeesssry to record 
in the c^cial field notes any biit the basic elements of stadia obeei^ 
vstions, omitting the details 6f the reductions. 

89. The following example of record, with reductions added, is 
adapted to the instrument showing the above test of the wire inter- 
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val, xatio 1:132 with an error of 4.1 links in 10 cbainiy and UksX odd- 
etant 1.2 links. 



Field record. 



3.194 
3.212 

0.408X0.7976-5.100 

Error+ .021 

(c+/) cos » + .011 



12.60 



+5.14 chs. 



, 6. 406X0. 4018-2. 574 Obs. 
Djrf.elev. -170 ft 

3.448 
3.432 

6.880X0.8324-5.727 

Error + .024 

(C+/)C08»+ .011 



12.60 



Width of creek 

4.914 
4.895 



+5.76 ohs. 
5.14 ohs. 

—0.62 chs. 



9.809X0.0925-9.735 
Error + .040 

(C+/)C08» .012 



12.60 



+9.79 ohs. 



9. 809xa 0863-0. 847 chs. 
- 56 ft 
+170 ft 



DUr. elev. 



-226 ft 



Final field notes. 



Chains. 



12.60 



-17.74 



-18.36 



-22.30 



N. 0* W W., bet sees. 15«ad 16. 
Descend gradowly over ineaiitain< 
land. 

Rim of oanoa, bears NW- and 68.; 

precipMans descent of 170 ft. 
Stadia to left bank of creek: Z.1U aad 

8.212 ft. —26* 44'. 
Stadia to right bank of creek: 3.448 and 

8.432 ft — JM 10^. 
Stadia to right rimof oaaoo: 4.914 and 

4.895 ft, +4» 58'. 



Left bank of creek, 62 Iks. wide, 
NW. 



Right bank oCereek; predpiton^ sspe^t 
of 225 ft. to rim of canon. 



Rim of canon, bears NW. and 81^.; 
ascgndi^Uj. 



80. Attention is directed to the hct that in making the abov« 
seductions in the chain unit, wire ratio 1:132, the proceM is ait onc^ 
nwolved into taking the sum of the two rod readings in U^.v^ 
tiplied by the proper coefficient for vertical angle, to which product 
are applied the corrections for the error in the wire interval and Ujst 
tjhe horizontal value of the focal cgnst^t. As two rod rwtdiji^ 
e^puld always be taken, one as a check upon the other, the ent^ 
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9^enMon becomes very simple. It should also be noted that in 
computing the difference of elevation no correction has been made 
for the height of the instrument above the ground, nor for the miBan 
height of the rod reading; these corrections are compensating and 
ordinarily may be neglected, but in precise reductions must be 
considered. Therefore, in ordinary work in computing differences 
of elevation by the stadia method it is permissible to neglect the 
height of the instrument above the ground, the mean height of the 
rod reading, the error in the wire interval, and the term "(c4/) 
sinv/' 

81* Many surveyors prefer the conventional stadia wire ratio 1:100 
generally ad<^ted in miscellaneoaa surveying practice, using a rod 
graduated to feet. With an instrument so fitted for public-land 
surveys, in which the chain unit of horizontal distance is stipulated 
by law, the reduction is simplified by ascertaining the logaiithm of 

rod in feet and horizontal distance in chains, accomplishing 



66 



the reduction of "Z'r cos^ v" by logarithmic functions. 

82. Example of test of stadia wire interval, the approximate ratio 
being 1:100, and the focal constant 1.2 links: 



Field record. 



Measnrement of base by steel 
tape and clinometer. 



Mean 

▼ertical 

angle. 





Cfhains, 
6.40 
2.70 
5.20 



Total base 



True 
horisontal 
distance. 



ChaiftM. 
d.38dchs. 
2.692 
6.082 



(»+/) 



- 14.160 

- .012 



Stadia base 
it it 



- 14.148chs. 
-*938.768ft 



Vertical rod 
reading. 



rod reading «• 
CoefltoentforTw -0.9Me; 
^^70011X9.6200- 

rcos'tJ— 

V 933.768 

UMjr-Lfliflm 

" ?-a 172837 
66 



Feet, 
9.115 
9.518 
0.522 
9.519 
9.627 

S.513 
.621 
9.624 
9.521 
9.120 

9.5200 

.0106 

9.5095 



Final field notes. 



Jnly 7, 1915, 1 made the following 
test of the stadia wire interval: 
Horisental 

length of base— 14. 160 obs. 
Mean often rod 

readings - 9. 6200 /t. 
Vertical angle of 
test -+1«64' 

jr-98.19S 

'og l^jfodinfeet 
60 

and horizon- 
tal distance in 
chains — 0.172637 
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88. The following example of recoed, with reductiens ftdded, ia 
adapted to the instrameot showing the above test of the wire in- 
terval, ratio 1:98.193 and focal constant 1.2 links. 



Field recwd. 



log eg 
" 8.472 



- 0.172537 
» a927986 
« cos* W 4(y»-^;| 



.981361 
.981361 



nat 



66^ 



1.063245 
cos2t?— 11.668 
.012 



(c-f /) cos f'= 

14.20 + 11.58 chs. 

logJT « 1.993081 

'* 8.472 -0.927986 
0.?748 -i9. 499017 



(( 



2.3500S4 



Diff.elev.»=228ft. 
Toblufif =. 40 



CUflF 



188 



it 



Final field notes. 



Chains. 
11.20 

24.50 



North, bet. sees. 31 and 36. 
Over level land. 

Commence oradual asoent of 40 ft. to 

base of Clin. 
Stadia to top of cliff: 

mean8.4raft.,+16»4(K. 
Baneof olifl^bean N. 66* W.andS. 06* 

E.; ascend 190 ft. to top. 



25.78 



Top of cliff; tbence orerleviel 



84. Most of the General Land Office surveying instruments are 
equipped with fixed stadia wires of the ratio 1:132, which has been 
found well adapted to all practical purposes for which used, and 
enables the use of standard double target level rods graduated to 
feet. A few instruments have been provided with fixed stadia wires 
of the ratio 1:100, at special request, but rods graduated to links 
can not be furnished except upon special order, and are not pur- 
chased because they are useless except for the one purpose. Sur- 
veyors can not expect to accomplish the best results where they 
graduate their own rods to suit a particular instrument or personal 
equation. 
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In authorizing the use of the stadia method in the public-land 
surveys it is not contemplated that the same will be made a sub- 
stitute for steel tape measurement where the latter is practicable, 
but rather that the stadia method may be used as an expedient where 
natural obstacles are encountered over which the distance may be 
more accurately measured by the stadia than otherwise, provided 
that every saf^^uard is duly observed. 

TRIANOULATIONS . 

35. In making all triangulations for the purpose of obtakdng 
measurements across water or over precipitous slopes, the surveyor 
is expected to exercise his beet judgment in the selection of the 
measured base, and he is required to adopt the best possible geo- 
metric proportions of the sides and angles of the triangle. A com- 
plete record of the measurement of the base, the determination of 
the angles, the location and direction of the sides, and any other 
essential details of the problem will be required in the field notes, 
together with a small diagram to graphically represent the triangu- 
lation, but it is not considered necessary to include in the official 
field notes the process of the solution. The method of triangulation 
at all tunes must be sufficiently refined to produce reliable results, 
and when necessary to determine the value of an angle of a triangle 
with a precision of less than the least reading of the instrument, the 
method of repetitions will be employed. 

86* In its simplest form the method of repeating an angle consists 
in sighting upon a station. A, with the vernier of the horizontal cir- 
cle set at zero; the angle is then turned to the second station, B; the 
lower clamp is now loosened and the telescope again set upon station 
A with the lower tangent motion vrUhout disturbing the angle first 
turned, after which thife y^pper clamp is loosened and the angle turned 
a second time to station B. The angle is thus ''repeated" two, 
three* or more times, and finally the multiple angle is read, which, 
when divided by the repeating factor, gives a value for the angle 
much closer than the least reading of the instrument. For example, 
assume an instrument reading to single minutes of arc, and that a 
certain angle has been repeated five times with a resulting reading 
of 124** 32^; this gives a value of 24** 54^ 24^^ for the angle, which if 
skillfully done is unquestionably closer than a single reading. In 
surveys which may require even greater precision both verniers are 
read and the angle is repeated as nearly as practicable to one com- 
plete turn of 360**, when both verniers are again read. The observer 
then reverses the telescope, and duplicates the process by turning 
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the angle in the opposite direction, to eliminate instrumental erron, 
and finally takes a mean of the resulting four readings, which is di- 
vided by the proper factor. It is occasionally necessary in public- 
land surveying to repeat angles by the latter method, but the for- 
mer method is of more general use and will be found dependable 
and quickly executed. 

37. The base lines for triangulations are to be carefully measured, 
even to tenths of links if necessary, and the simi of the angles should 
be balanced to 180^, or redetermined if the disagreement is found to 
exceed V of arc. 

38. The following examples, with the reductions added, are de- 
signed to illustrate the form of record of triangulations beet suited 
for the official field notes: 



(a) F|«]dreoor4. 




Final field notes. 


• t 




Chains. 


S. 81* 56' W., on random line bet flecsw 
19 and 80. 






4a 00 


Set temp. \ seo. oor. 


Angles. 
SO" Sb' 




72.20 


Top of precipitous bluff: vertical angle 
to flag on random line— 32* i^; 


93 20 






auxiliary flag bears S. 39^ 31' W.; 


36 05 






from flag on random line the auxiliary 
flag beals S. 3* 16' W., 12.mofas. dist:; 
all bearings checked by direct read- 


180" 00' 






■ '■ 






ing of the solar, and all angles checked 


Hor. meas. of base by 


one chain 




by deflection; 


tdpe- 12.80 chs. 










' 




SiStl^mHLM^*i0f 


DlBt.-12.80»^^'^ 


1/ X 


sin 60" 35 


I 




log 12.80 

'^8in36'05' 


-1.107210 




m A 


=9.770087 




M jK^ 




0.877297 


%/ 


" sin60»35' 


-9.887926 




" 9.76 


-0.989371 


r 


Di8t.bytri. 


—9.76 chs. 




Dist. on random line — 72. 20 chs. 


log hor. dfftt. 
" tan32»47' 


-0.989371 




Dist. by tnangulatian - f.7S 


-1.819544 
-9. 808916 




SI. 96 
Dist. by return meas. — -2.84 


*-• 4W 


-2.617831 




79.12 
Intersect W. bdy. of Tp., 14 Iks. S. of 
the oor. of sees. 19, 24» 25 and 3a 


I>iff.elev.«-415ft. 




79.12 














Thenoe 








S. 80* 58^ E., on a true line bet sees. 








lOandsa 


. 




1.75 


Ascend,gradually in valley. 

Base of rad'land bluff, bears N. and S. ; 

precipitous ascent of about 400 ft. 
Top of bad-land bluff, bears N. and S.; 

thence over level prairie. 












6.92 


- 
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<A) Field rsoord. 


TTnalfilMiiotoi. 


iIora.-Btodla wire ntlo. l:l3S.Ki: 


^ 


C.+/)-i.aita. 






1SI7 






».t3» 












Enor-+!08a 






(t+/)-+.m» 






Ban- 19. 76 






«^ 




. 


33 03 






er M 




w 


isFw 




^-^•^"EOT 




loClS.TB 


- 1.M7I7 




■■ «n*7-«' 


-9.»a6H7 


At the ttboyo point oD IndUB btudtran 






sa.'iif,TS».iweai 




1.3a7<34 


■■ dnM-Of 


x ».13«6»2 


chs. dlst; 1 
Set a UmertaAnz lOx a Ini., 31 tu. In tbe 


" 3S.W 


. i.t3&54a 


ssEi-yKrszssriBx- 






Dirt, by (rf. 


"'■""" 












AMCBT. 



Gth Quids UeridlaaWflalE, thro^ 1 

M N., between Ka, Mend ai WT 
Tforth, bet. sees. 13 and IS. 



heavy timber and dense uudtc- 
Dfflerence betirten 
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(c) Fiekl leoordy con. 



27. so 



At A- ^^^- I8^00'4(y'(-02"r( 

" Jj.^^tM- sr 44'20"(-09")i 

t 

« (^gjgllg'^ 80* O0'2O^'(-0yO 
* 180*00'20"(-20")j 



-^. sinso'oear^ 

inSt. -16.427 g.j^jjj.Qygg„ 

log 16.427 
'* sin 8(r 06' 11" 



" 61.92 
-f27.80 



-1.215558 
-9.993488 

1.209046 
-9.493n0 

-1.715336 



79.72 



79.72 



Final field notes, oon. 



Tho south shore oC Grand Lake, bears 

N.62»E.andS.48*W. 
Set an iron post, 3 ft. long, 1 in. diam., 

28 ins. in the ground, for meander 

cor. of frac. sees. 13 and 18, vith brass 

cap mkd. 




TI4M 

1915 

from which 

A pine, 8 ins. diam., bears N. 84|* E., 
I051k8.dist., mkd.THNRaOWS 
18MCBT. 

A pine, 10 ins. diam., bears 8. 96|*W., 
49 Iks. dist., mkd. T 14 N R 21 W S 
13MCBT. 

To make a triangulation across the lake 
I designate the above meander cor. 
point A and set a flae B at point for 
meander cor. on north shore of lake, 
also a flag C on the north shore which 
from point A bears N. IS* 09* 38" E.; 
the beseBCbears S. 81» 44' 11" E., 
16.427 chs. dist.y the mean by two 
sets of chaixmien, 

by 1st set— 16.425 chs., 
by 2d "-16.429 « , 
longer ba.^ impracttcable; the angle 
subtended at Point CU80* OC 11"; 
all angles by tnree repetitions with 
error of 0' 20" balanced to 180*. 

Distance across lake— 51.92 chs. 




The north shore of lake, bears S. 82* K. 
and N. 76* \V. 
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99. In practical field work triapyilationg are made only to over- 
come physical difficulties of measurement, and under the conditions 
generally presented a ri^t-angled triangle is likely to be less desir- 
ablethan an oblique triangle as the latter may be selected to fit the 
best topography for the base line. A stadia base may likewise be 
superior to a measured * base as, lor example, in extremely roi]^ 
mbuntainous regions where possibly no obstruction would interfere 
with a good stadia determination even though a steel tape measure- 
ment of the same base might be almost impossible, or involve 
great delay and expense. Under some conditions a double triangu- 
lation by independent bases may be highly desirable, one result 
as a check upon the other, whereby the mean of the two would be 
abetter value than either result alone. True efficiency demands a 
dioice of the best methods to suit the peculiar conditions encoun- 
tered in each circumstance, and this must be left to the judgment 
of the surveyor. 

The subject of measustmenta is incomplete without a suggestion 
that each ewcveyor should devise a system of signals by means of 
-vdilch numbers and directions may be readily communicated from 
one taiember of a party to another; sudi signals will be found espe- 
cially useful in long steel tape and stadia measurements and 
tritogulations. 

INSTRUMENTS AND REQUIREMENTS AS TO THEIR ADJUSTMENT. 

40« The direction of all lines of the public land surveys will be 
determined with reference to the true meridian as defined by the 
axis of the eartii's rotation. No departure fron thiarule is authorized . 
Beginning with the Manual of 1890 the use of the magnetic needle 
was prdiibited except in subdividing and meandering, and then 
only in localitiee &ee from local attraction and with the use of 
suitably constructed needle instruments. The Manual of 1894 
reqtdred that all surveys of the piU^lic lands of the United States, 
embracing all classes of lines, be made with reference to the true 
meridian, independently of the magnetic needle, and this pro- 
hibiticm against the nse of the magnetic needle was even more 
pronounced in the Manual of 1902. In the modem instruments the 
length of the needle and other details relating to its construction are 
sacrificed in favor of the vastly more important details of design of 
the transit and solar attachment, and it is not prestuned that tjie 
needle' of the modem solar transit will give results even as reliable 
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as those of a well-constructed needle compass. Many yean* «ise 
of the solar transit and of the solar compass have proven that com* 
paratively few localities are free from some local magnetic attraction. 
The needle has some value as a check and for approximate reference 
purposes under certain conditions, which need not be discussed in 
the Manual, but the use of the needle as a means of determining the 
direction of lines of the public-land surveys is now unqualifiedly 
prohibited. 

41. Each surveyor will be supplied with one or more instrumMits 
of approved construction suited to the conditions to be encountered 
in his field work. It is considered desirable to include in the record 
of every survey, at the beginning of the first book of field nOtes ol 
every set of returns, a description of the instrument used and tbe 
general method by wfakh^the azimuth detenninatioDB were accomi* 
plished. The following paragrai^ suggest the form of record to 
be made: 

"Survey commenced August 1, 1^15, and executed with a BuS 
'Rocky Mountain Favorite' solar transit No. 9936» 1915 model, 
with U-shaped standards, 4f-inch horizontal circle, 4-inch ver- 
tical circle, and improved Smit;h solar attachment; all azhnuth 
determinations are accomplished with the solar attachment except 
the special observations upon Polaris and tbe sim for meridian up^^ 
which to test the solar apparatus as stated in the field notes.'* 

"Survey commenced July 28, 1909, and executed with a Young St 
Sons mountain transit, No. 8070, 1907 model; the instrument ia 
equipped with a full vertical circle and the Smith solar attadmient; 
unless otherwise specified all azimuth determinations are acoom- 
pKMied with tbe ^eolarr attachment." 

"Survey commenced May 7, 1906, and executed with a Burt solar 
compass made by W. d L. E. Gurley, 1905 model; unless otherwise 
specified all azimuth determinations are accom^idied witli the 
solar compass. The Polaris observations in camp are miwde with a 
Keuffel & Esser mountain transit No. 9699, 1908 model." 

42* The proper supervising officer will caafefully examiAe all 
instruments to see that they are in first-ckss condition ton field 
work, but the burden of the final test is placed upon the surveyor 
who uses the instrument, as in every case the approval of a& imtru- 
ment will be made conditional upon satisfactory field teal, the 
record of which will be stated in the field notes. 

43* The record of the field test of the instrument should embrace 
% comprohensive statement of fact as to date, locality, and condi- 
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tion of the inBtrumental adjustments. The data relative to the 
independent observations for mmdian should be included in the 
record, and the functions of apparent time, latitude and sun's 
dedination will always be given in connection with the meridional 
tests of solar instruments. Various forms of record will be found 
in connection with the examples of observations and reductions 
given on the following pages. 

44. When a transit without solar attachment is employed, Polaris 
. observations, or direct altitude observations upon the sun, necessary 
to execute the work in acc(»rdance with existing law and the require- 
ments of these instructions will be insisted upon. Observations 
upon Polaris, or direct altitude observations upon the sun, at fre- 
quent intervals, will be necessary to secure accuracy in the pro- 
jection of transit reference lines, when solar apparatus is not used. 
The method of tranrferring the azimuth determined by the meri- 
dional observations to the surveyed lines will distinctly appear in the 
field notes. 

45« Siurveyors using instruments with solar apparatus will be re- 
quired to mike azimuth observations on Polaris, or direct altitude 
observations upon the sun, at the beginning of every sinrvey, to test 
the accuracy of the solar apparatus, and subsequent tests will be 
required at least at the beginning of the subdivision of every town- 
ship. 

46. A test at the ccmclusion of a survey is necessary in order to 
' prove the continued proper projection of transit lines or the con- 
tinued satis^tOTy adjustment of the solar apparatus dining the 
survey. A book of field notes of the survey of standard lines, or 
of township exteriors^ will therefore show preliminary and final azi- 
muth observations for the projection of transit lines, or preliminary 
and final observations and tests for the adjustment of the solar appa- 
ratus, and intermediate tests to comply with the requirements of 
the preceding paragraphs. The satisfactory condition of the si^ar 
apparatus at the conclusion of the subdivision of a towmhip exe* 
cuted with the solar apparatus may, if so desired, be shown by spe- 
cific reference to the next succeedizig test preliminary to commenc- 
ing the subdivision of another township included in the same series 
.ot books of subdiviaional notes. A careful surveyor will make- a 
sufficient number of tests to satisfy himself at all times of the accu- 
racy of his aUnement, but it is not intended to binrden the surveyor 
or the .field notes with superfluous evid^ice in this particular 
matter. 

564e5«~19 4 
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GENERAL STATEMENT, TIME, LATITUDE AND AZIMUTH. 

47. WHen considering the following treatment of field methods of 
determination of time, latitude and azimuth, the surveyor should 
bear in mind that a small error, either in assumed latitude or azi- 
muth, produces only a slight effect in time, and when all are un- 
known the order of sequence in their determination should be that 
of time, latitude and azimuth. Time may be readily determined 
by the smrveyor with an error not to exceed 10 seconds, while lati- 
tude and azimuth are readily determined with an error not to exceed 
V W; the stated limits of error are not unreasonable where any of 
the methods herein described and authorized are employed; small 
errors in assmned longitude may be neglected in the determination 
of time, latitude and azimuth. 

The following methods are limited to observations upon the sun 
and the north star, Polaris, and are arranged to facilitate the sur- 
veyor's work under all conditions encountered in the field, without 
involving more than an elementary understanding of astronomical 
technology. The tables and formulas published in the Standard 
Field Tables, and the complete daily ephemeris of the sun and 
Polaris and the tables of azimuths of Polaris, published in the 
"Ephemeris,'' are designed primarily for the convenience of the 
public-land surveyors in the field, thus encouraging a general use 
of approved modem methods, consistent at all times with the sur- 
veyor's clear understanding of underlying principles involved. 

All reference to tables and formulas, gt to the daily functions of 
the sun or Polaris, that follow herein, relate to the above supple- 
ments to the Manual, and when necessary to use conventional nota- 
tion in the demonstrations that follow, the same agrees with that 
shown in detail in the Standard Field Tables. 

With relation to the subject of records of observations as the same 
should appear in the official field notes of a survey, it must be 
granted that it is absolutely necessary to state all of the special basic 
functions of an observation, but it is quite unnecessary to include 
the process of reduction, except in imusual cases; thus the field 
notes should be complete in every respect, and it is the purpose to 
insist upon this requirement without involving that which is unes- 
sential to the record. In general also, no attempt is warranted by 
which the surveyor may endeavor to make his results by analytical 
reduction appear to be more accurate than justified by the refine- 
ments of the observation upon which a determination is based; but 
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it is good practice not to discard the various small elements, fractions 
or decimal parts of the record value of a function until the result is 
ascertained, whereupon the insignificant figures may be disposed of. 

ANALTTICAL NOTATION, DECLINATION AND REFRACTION. 

48. jd: The symbol for approximation; this symbol signifies in- 
equality, but it ia used in a relation representing an inequality 
which approaches equality. 

Zenith 



North 
Pole 




Fig. 4. 
The **pote-xonithrsiui" triangle as viewed from outside of the celestial sphere. 

49. v: Observed vertical angle; in altitude observations on the sun, 
the reductions to the sun's center both vertically and horizontally, 
as well as instrumental errors, are eliminated by taking direct and 
Teversed observations on the opposite limbs of the sun, and the mean 
observed vertical angle to the sun's center will be designated v in the 
notation. In single observations the vertical reduction to the sun's 
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centers 16'^; a refinement is had by referring to the '^Ephemeris'' 
f(Mr the value of the sun's semi-diameter for the date of observation. 

50. h: True vertical angle to the sun's center, or to Polaris, in alti- 
tude observations, after correction for refraction: A =i^— refraction in 
zenith distance; a refinement is had in altitude observations on the 
sun by adding the value of the sun's parallax=s8''''.9 cos v, opposite 
in effect to refraction, which results from the observer's position 
above the center of the earth. 

61. f : Zeta: true zenith distance of the sun's center: 

Examples of the relative use of f , refraction, parallax, h and i*. 







Field record. 




Tele- 
scope. 


Watch 
time. 


Horizontal 
angle. 


Vertical 
angle. 


Sun's 
limbs. 


Dir. 
Rev. 


3h56«n58* 
3 58 48 


05° (K 0" 
64 45 


25° 2^ 0" 
25 31 


a.. 


Mean 


3h57m53. 


64* 52' 30" 


25» 25' 30" 



t; — 

Iiefraction« 

Parallax = 



25" 25' 30" 
- 2' 0" 
+ C 8" 

25«» 23' 38" 
64» 36' 22" 

90* 0' 0" 



Final field notes. 



Mar. 18. 1910, 1 make 
an altitude obser- 
vation upon the sun 
tor time and asi- 
moth, malting two 
observations, one 
each with tne tele- 
scope in direct and 
reversed positions, 
observing opposite 
limbs of the sun. 

Mean watoh time of 
observation, 3h 57m 
fiSsp. m. 

Mean horizontal an- 
gle from flag S. to 
sunSW., 64*62' 30". 

Mean observed verti- 
cal angle 25'' 2^ 80". 



Example of vertical reduction to the sun's center. 



Field record. 




Sun's lower limb 
Reduction to sun's center 


-25* 20' 
- +16' 


0" 
6" 


Sun's center, r 


-2o- 36' 


6" 



-f 



lietraction 
I'arallax 

h 

r 



-25" 36' 6" 

- - 2' 0" 

- + 0' 8" 

-25* 34' 14" 
-64* 2y 46" 

90' 0' 0" 



Final field notes. 

Mar. 18. 1910, 1 make 
an altitude obser- 
vation upon the sun 
for time, observing 
the sun's lower limo 
only; failing to ob- 
serve the sun*s up- 
per limb in the re- 
versal of the transit 
onacooantof<doad8. 

Watch time of obser- 
vation, Sh 56m 68s 

Observed vertical ak- 
gle to sun's lower 
Umb, 26*20' 0", cor- 
rected to the sun's 
center-25*a6'6". 
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68. 4f>: Phi: Latitude of the station of obeervation. 

58. X: Lambda: Longitude of the station of observation. 

54. S: Delta: Declination of the sun or Polaris; to be taken from 
the Ephemeris for the date of observation; the declination of the 
sun is to be corrected in hourly difference to the longitude of the 
station and to the time of observation; north declinations are treated 
as positive and south declinations as negative; a northerly hourly 
motion is treated as positive and a southerly hourly motion is treated 
as negative; in the use of the solar attachment the declination of 
the sun is to be corrected for refraction in polar distance, always 
north. 

Examples of computation of the sun's declination. 

(a) It is desired to compute the value of the sun's declination for 
the above altitude observation upon the sun for time and azimuth. 
Longitude of the station of observation, 5^ 8"> W. ; apparent time of 
observation, 3^ 42"^ p. m.: 
Declination of the sun at Greenwich apparent noon 

Mar. 18, 1910 -1^ 11^ 3'' S. 

Difference in time from Greenwich apparent noon 

to apparent time of observation: 
For longitude =. 5>» 8« 
For time, p. m,=+3 42 

8.83»»=« 8»»50» 
Hourly difference in declination=+59''.28 
Difference in declination from Greenwich apparent 
Tuxm to apparent time of observation: 

8.83X59.28=523'' . 9f 43'' N. 



TruiB declination of the sun 1® 2'20"S. 

(&) It is desired to prepare, by computation, a table of houriy 
declinations of the sun, corrected for refraction in polar distance, 
for use with the solar attachment, for a date March 14, 1912, and for 
a station in latitude 33"^ IC N., and longitude 7^ 47» W. 
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2"^ 33^ 28^^.6 S. ^Declination of the sun at Greenwich apparent 

noon. Mar. 14, 1912. 
Difference in time horn Greenwich appcu^nt noon 
to 7 a. m., local app. time: 

For longitude = 7** 47"» 

For time, a. m., 12»»-7»» 0°» « (-) 5 

2.78»»- 2»» 47« 
Hourly difference in declinations* +59^^.2. 
2' 44''.5 N.=a Difference in declination from Greenwich apparent 

noon to 7 a. m., local apparent time: 2.78X59.2=^= 
164^^5. 

2® 3(y 44'''.1 S. =True declination of the sun, 7 a. m., local apparent 
===== time. 



Local apparent time. 



7 a. m. 

!»::::: 

9 

10 

11 a. m 
Noon.. 
1p.m. 

2 

3 

4 

4i 

5 p.m. 



Troe declina- 
tion. 



2»80' 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



80 

29 
28 
27 
26 
25 
24 
23 
22 
21 
21 
20 



44" 

14 

45 

46 

47 

43 

49 

50 

51 

52 

53 

23 

54 



S. 



Kefraction. 


2' 41" 


N. 


1 


48 




1 


22 







58 







47 







43 







41 







i3 







47 







58 




1 


22 




1 


4S 




2 


41 





Decfinatkm 
setting. 



2" 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 



2S' 3" 
28 26 
28 23 
27 48 
27 



B. 



26 
25 
24 
23 



5 
8 
7 
4 



21 54 

20 31 

19 35 

18 13 



(c) It is desired to prepare, by computation, a table of hourly 
declinations of the sun, corrected for refraction in polar distance, for 
use with the solar attachment, for a date August 12, 1912, and for a 
station in latitude 47** 1(K N., and longitude 7^ 24« W. 
15** 1^ 6^^ N.=Declination of the sun at Greenwich apparent noon, 

Aug. 12, 1912. 
Difference in time from Greenwich apparent noon to 
6 a. m., local app. time: 
For longitude=« 7^ 24« 
For time a.m., 

12»»-6»» 0m= (~)6 

1A^= V 24» 
Hourly difference in declinationa* — 45''.1. 
V 3'^ S.=I>ifference in declination from Greenwich apparent 
noon to 6 a. m., local apparent time: 1.4X45.1«63'^ 
15° (/ %^' N.=True declination of the sim, 6 a. m., local apparent 
I I time. 
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Local apparent time. 



6 a. m.. 

f^— 

8 

9 

10 

11a. m 

Noon... 

Ip.nu. 

2 

3 

4 

5 

Si 

o p. m.. 



TraedecUna- 


Refrac- 


Declination 


tion. 


tion. 


setting. 


15* C 


3"N. 


3' 


29'N. 


15*» 


3' 32" N 


14 59 


40 


2 


22 


15 


2 2 


14 59 


18 


1 


46 


15 


1 4 


14 58 


33 


1 


9 


14 


59 42 


14 57 


48 





52 


14 


58 40 


14 57 


3 





42 


14 


57 45 


14 56 


18 





39 


14 


66 57 


14 55 


33 





37 


14 


56 10 


14 54 


48 





39 


14 


55 27 


14 54 


3 





42 


14 


54 45 


14 53 


18 





52 


14 


54 10 


14 52 


33 


1 


9 


14 


53 42 


14 51 


48 


1 


46 


14 


53 34 


14 51 


26 


2 


22 


14 


53 48 


14 51 


3 


3 


29 


14 


54 32 



(d) A graphic method for ascertaining the changing declinationB 
of the sun, corrected for refraction in polar distance, for use with the 
solar attachment, is obtained by the use of a diagram constructed on 
cross-eection paper for each date, as follows: 

The horizontal lines may be used to represent each hour of the day, 
and the vertical lines may represent intervals of V in declination. It 
is convenient to use the right-hand aide of the sheet to represent N., 
and the left-hand side of the sheet to represent S., or to have N. 
declinations increase numerically to the right-hand side of the sheet, 
and S. declinations increase numerically to the left-hand side of 
the sheet. The vertical lines are numbered to sidt the range of 
declination of the sun for the date. Two points are marked on the 
diagram to agree with the true declination of the sim; the first point 
is marked with the argument of declination agreeing with the 
declination of the sim taken from the Ephemeris for Greenwich 
apparent noon and with the argument of time agreeing with the local 
apparent time corresponding to Greenwich noon; the second point is 
marked agreeing with the proper declination and time 10 hours later; 
the straight line determined by the two points agrees with the sun's 
true declination for the date for the local apparent time . The proi)er 
refractions in polar distance are then scaled from the straight line 
to the N. for each tabulated refraction, a. m. and p. m., taken from 
Table 23, Standard Field Tables, appropriate to the latitude of 
observation and declination of the sun; the locus of the latter 
points is a smooth curve representing graphically the declinations 
of the Sim, corrected for refraction in polar distance, for use with the 
solar attaphm^it. The49cale of the refractions must equal the scale 
of the iQteosils oi llin..dec1inaticm, imd the refractions are laid off 
along or parallel to the horizontal lines and not normal to the line of 
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true declination. At any time throughout the day the proper 
declination for use with the solar attachment is obtained by reference 
to the curve at the point corresponding to the time of observation. 
To obtain any true value of the sun's declination for use in the 
reduction of altitude ohiervationa reference may be made to the straight 
line of true declination at the point corresponding to the time of 
observation. 

The advantage of the diagram method is found in the {mtctical 
elimination of errors of computation, and the ease with which it is 
checked, together with the fAct that in the use of the diagram actual 
values are obtained at any time without any process of interpolation. 

The following diagrams have been prepared to illustrate the 
method: 

DULORAX OF THE SUN'S DECUNATIOHB. 

Date, Mar. 20, 1912. 
Station: Lat.-37** SCK N. 
Long.=7*» 30» W, 

Deciinaiion, 

Greenwich noon=0** ll-' W^ S.«4* S0» a. m. 
Diff. 10>», +693^'= 0963N. 



Qo 01/ 2V' 8. ^^ 30" p. m. 
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DlAaRAM or THK SUN'S DBCLDTATICKS. 

Date, Sept. 23, 1913. 

Station: Lat.«47^ 3(K N. 
Loiig.=6»» 18- W. 
Greenwich noons-O** 03^ W N.=5»» 42" a. m. 
Diff. 10»», -m/'^ 9 45 S. 

0^0y^50^==3^ 42« p. m. 



jw 



o> CO ^» <o u> «^ 



fO M - g 



— M (*) sf 10 U> 



.2 
flO 



e 

7 

8 

9 

10 

II 

Noon 

I 

2 

3 

4 

5 

RM.6 









• 






















/ 


/ 
































A 


/ 
































y 


/ 










- 


■ 




















/ 


/ 






■^ 


















J 


/ 


y 


^ 










f 
















- 




/ 


y 


^ 




























J 


/ 


/ 




























> 


/ 


Y 


















• 










J 


/ 


/ 




• 
















• 












/ 


/ 






























/ 


/ 




























i 


z 




f 






























/ 






^ 
























, 




/ 




























'\ 



Fi9.6. 



&6« A: Azimuth angle from the true meridian to Polaris, or to the 
sun's center; in the following analytical examples A is referred to 
the nprth point unless otherwise noted, and the reductions are sym- 
metrical either east or west of the meridian; all determinations for 
azimuth imply the recording of horizontal angles from a fixed refer- 
ence point to Polaris or to the sun, or that a point has been marked 
on the ground to define the direction of observation; the mean 
horizontal angle in the first case, or the mean point in direction in 
the second instance, being used. 



50 MANUAI/ QF SUKVEYING INSTRUCTIONS. 

In the first of the foregoing examples of the relative use of v, h 
and t, is shown the record of certain observed horizontal angles 
from a fixed reference point to the sun's limbs, and now for the pur- 
pose of clearly stating the use of the notation A, the final reduction 
of that observation is here anticipated, in which the following result 

is obtained: 

Sun^s azimuth. 

Referred to the N. point, A=N. IW 07^ 28'^ W. 
Referred to the S. point, A=S. 65^ 52^ 32* W. 
Recorded mean horizontal 

angle from flag S. to the 

sunSW = S. 64'>52^3y^W. 

True bearing of flag == S. 1^ OCK 02^^ W . 

In general in altitude observations upon the sun it is convenient 
to record horizontal angles from a fixed reference point to the sun's 
limbs; this method is preferable in view of the rapid motion of the 
sun and the advantage of minimizing the period of the observation. 
In observations upon Polaris the same method is often convenient, 
and at other times it may be more convenient to mark points upon 
the ground to define the direction of observation, taking a proper 
mean of the several points to define the true line of sight to Polaris. 

Under adverse conditions an altitude observation upon the sun 
for azimuth may fail in the reversal of the transit on account of 
clouds or error in reading one of the angles of a series of observa- 
tions, in which case it may be desirable to reduce the single observa- 
tion upon the sun's limbs to equivalent corrected readings to the 

sun's center. In single observations on the sim, the reduction to 

16/ 

the sun's center in azimuth = ; a refinement in the value of the 

cos v^ 

sun's semi-idiameter is had by referring to the Ephemeris for the date 

of observation. 

An example of reduction to the sun's center in both vertical and 

horizontal angles follows: 
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Field record. 



Q- Vertical angle to sun's 
' lower Umb -i3S*a0'00'' 

Sim's semi-diameter for re- 
daction to center i- +10' 06" 

Son's center, v -i25^ 36' 06" 

Hor. angle from flag 8. to 

sun's ri^t limb, SW. -«• 00*00" 
Beduotian to sun's ooit. 

ter, 
16' 1 

cos 26" 36' •*' -._L_ 

Hor. angle from flae S. to 
sun's center, 8W. -64* 42* 06" 



Final field notes. 



Mar. IS, 1910, 1 make an altitude observa- 
tion upon the sun for asimuth, observ- 
ing the sun's lower and right limbs only; 
failing to observe the sun's upper and 
left limbs in the reversal of the transit on 
account of clouds: 

Apparent time of observation, 3h 42m p. m. 

Ooserved vertical angle to sun's lower 
Umb, 25* 20' 00", corrected to the sun's 
center-25"36'06''. 

Observed horisontal angle to sun's right 
limb from flae S. to sun S W. , 65^ OO' 00", 
corrected to the sun's center»64" 42' 06". 



56. Tables of mean refractians both in z^th and polar distance 
appear in the Standard Field Tables, arranged to meet the require- 
ments <^ field use; see Tables 20 and 23. A table of coefficients to 
apply to mean refractions in zenith or polar distance for variations 
in atmospheric pressure and temperature to obtain true values of 
refractions is given to meet occasional necessity for its use, see 
Table 21. In the absence of a barometric instrument to determine 
the atmospheric pressure, the argument ''approximate elevation 
above sea level*' may usually be safely substituted. The differ- 
ences between the true and the tabulated refractions are generally 
small and negligible excepting for the combined effect of low appar- 
ent altitude of observation with great elevation above sea level or 
extremes of temperature. The following example of reduction 
illustrates the method to be employed in all reductions from the 
tabulated refractions: 

Tabidated refraction =6^ 45''^=6''.75; elevation above sea level 
■"10,000 feet, for which elevation the coefficient is 0.70; tempera- 
ture at the time of observation =82® F., for which temperature the 
coefficient is 0.94; true refraction =0.70X0.94X6^75«4^44==4'26^^. 

TIME. 

67. The element of time enters into all azimuth determinations 
to such an extent that the surveyor should be able to arrive at the 
exact apparent time of all observations upon the sun and the exact 
local mean time of all observations upon Polaris. The sun's declina- 
tion varies with the apparent time and the longitude west from 
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Greenwich, and enters directly into all observations upon the sun 
for azimuth; thus the apparent time and longitude should be known 
to a degree of accuracy commensurate with the refinement necessary 
in computing the sun's declination. The azimuth of Polaris varies 
with the local mean time of observation, which must be known to a 
degree of accuracy consistent with the result wanted in the deter- 
mination of the true fneridian. In observations upon Polaris at 
elongation precision in local mean time is unneceaaary, but in hour 
angle observations upon Polaris it will be noted that at upper or 
lower culmination, in latitude 40° for example, Polaris varies V in 
azimuth in about 2.5 minutes of time; this interval of time slowly 
increases toward elongation and in the latter position more than 
30 minutes of time are required for a change of 1^ in azimuth. 

68. Conversion of standard time into local mean time: watch read- 
ing ± watch error in standard time by ccmiparison d: correction for 
longitude; the correction for longitude is additive east- and 8ub> 
tractive west of the standard meridian of the time belt; the con^ 
version table ''degrees to time'' (Table 18, Standard Field Tables) 
is convenient in this reduction. 

Example of conversion of standard time into local mean time; 
longitude 77° 01^ 37^^5 W. : 

Watch time of observation =6** 2&^ 40» p. m. 

Watch slow of 75th meridian standard time by 

comparison with a standard clock- = +1™ 22f 

Correction for longitude of station 

(77° OV 37^^5 W.=5^ 08» 06.5») = -8»» 06* 

Local mean time of observation =6** 19" 56' p. m» 

59. Conversion of apparent time into local mean time: apparent 
time of observation d: the equation of time; the equation of time is 
to be taken from the Ephemeris for the date of observation and cor- 
rected for the longitude and time of observation, conveniently 
iaterpolated as the interval from Greenwich noon to the time of 
observation; the watch error in local mean time is then found by 
taldng the difference between the watch reading at the epoch of the 
observation and the reduced local mean time of observation. 

Example of conversion of apparent time into local mean time; 
longitude 77° 01^ 37^^5 W. : 
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Mar. 18, 1910, apparent time of altitude observa- 
tion upon Bun =3*» 42* II* p. m. 

Equation of time, Greenwich ap- 
parent noon 4-8" 23.4» 

Interpolation for longitude of station 
5^ 08"^ W., and time of observation 
3»» 42», p. m., S^ 60» after Green- 
wich noon, or 8.83/24 of change 
(17.64') in 24 hours - — 6. 5* 



Equation of time -|-8* 16. 9' -f 8» 17' 



Local mean time of observation =3^ 50"^ 28" 

Watch time of observation =3^ 57"* 53* 



Watch fast of local mean time = 7™ 25* 



TIME IN rrS RELATION TO POLARIS OBSERVATIONS. 

00. Polaris, a star of the second magnitude, occupies a position 
in the northern heavens a little more than 1° from a line defined by 
the axis of the earth's rotation, and on account of its brightness and 
proximity to the polar axis it ranks to the surveyor as the most useful 
circumpolar star. It will be assumed that the surveyor has learned 
how to identify the north star among its associates in the clear starlit 
heavens, especially with reference to the "pointers*' in the con- 
stellation of the "Great Bear," which is popularly called the " Dip- 
per." Polaris (a IJrsflB Minoris) is nearly on a line (or great circle) 
determined by the pole and the star "5 Cassiopeice," and both stars 
are located in the same direction from the pole. The same line (or 
great circle) passes near the star " f XJrs® Majorb " (another star of 
the " Dipper"), but the latter star is located on the opposite side of 
the pole. The surveyor may note the relative position of the three 
stars aforementioned, if it is a clear night, and this will give an im- 
mediate indication of the approximate position of Polaris in its di- 
urnal circle at such time of observation. The novice should secure 
field demonstration in these details from an experienced observer. 
The three stars named are all of about the same brightness. In- 
structions will follow (sec. 99) regarding the positive identification 
of Polaris by instrumental methods during the twilight period, be- 
fore the star is visible to the naked eye, and the same process may 
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NAKED-EYE IDENTIFICATION OF POLARIS. 

About noon Ifaroh 23rd. 
Aboat 6 a. m. Jane 22nd. 
About midnight September 22nd. 
About 6 p. m. December 22nd. 
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be employed for verificatioii of night obeervations, if there should 
be any doubt as in case the neighboring constellations are obscured 
by clouds. 

A skillful surveyor can readily observe Polaris at sunset or sunrise 
without artificial illiunination, and with a very clear atmosphere 
can perform the observation when the sun is as much as 20 or 30 
minutes above the horizon . At any time that Polaris is visible any 
one of the various methods of Polaris observation for meridian, 
properly followed, is superior to any form of observation upon the 
sun for the same purpose. In general, in public-land surveying, 
the best of all practices is found in the proper use of a solar instru- 
ment adjusted to the true meridian as established by Polaris obser- 
vation. 

Polaris has a diurnal drde about the earth's polar axis similar to 
the diurnal circle of other stars, though Polaris has the smallest circle 
of any naked-eye star. The daily circuit of Polaris is covered in one 
sidereal day of 24 sidereal hours, or an equivalent of 23 hours 5G 
minutes 4.09 seconds of mean solar time. In its diurnal circle Polaris 
crosses the meridian twice, once at upper culmination, or above the 
polar axis, and once at lower culmination, or below the polar axi^. 

The direction of the apparent motion of Polaris is suggested by the 
following diagram: 

ac 




i.c. 



Fig. 7. 

The pointings of the arrows on the above circle indicate the direc- 
tion of the apparent motion of Polaris in its diurnal x>ath, while the 
pointings of the arrows on the lines tangent to the circle show the 
direction of travel at the epochs of culmination and elongation. If 
the surveyor has any doubt in regard to the quadrant occupied by 
Polaris in its diurnal circle at the time of an observation, he may set 
the intersection of the telescope cross-wires exactly upon the star, 
then, without moving the instrument, note the direction of the star's 
motion and compare with the diagram. 
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The position of Polaris in its diurnal circle at any time may be 
determined by reference to the mean time interval yrom upper cul- 
mination to any observed position west of the meridian, or by refer- 
ence to the mean time intervaiyrom any observed poidtion east of the 
meridian to the succeeding upper culmination. 

61. The Greenwich mean time of upper culmination of Polaris is 
tabulated in the Ephemeris for every day in the year, arranged for 
the ordinary civil date, a. m. or p. m. 

02. Local mean time of upper culmination of Polaris: the Green- 
wich mean time of upx>er culmination of Polaris is to be taken from 
the Ephemeris for the date of observation ; the amount to be subtracted 
from the Greenwich mean time of uppar culmination of Polaris 
to obtain the local mean time of upper culmination, in which the 
argument is the longitude west from Greenwich, is obtained from 
the table of sidereal conversions without computation; see Table 19, 
Standard Field Tables. 

Example of reduction from the Greenwich mean time ot uppw 
culmination of Polaris to the local mean time of upper culmination 
of Polaris, longitude 111° 15^ W. : 

Aug. 12, 1910, Gr. U. C. of Polari8=4^ 08.3» a. m. 
Red. to long. 111° W W., 1« 33» = - 1.2 

L. M. T. of U. C. of Polaris =4»» 07.1» a. m. 



63. The Greenwich mean time of elongation of Polaris, lati,t^de 
40°, is tabulated in the Ephemeris for every day in the year, arranged 
for the ordinary civil date, a. m. or p. m. 

64. Local mean time of elongation of Polaris: the mean time of 
elongation of Polaris, Greenwich meridian, latitude 40°, u to be 
taken from the Ephemeris for the date of observation: the amount 
to be subtracted from the mean time of elongation of Polaris, Green- 
wich meridian, latitude 40°, to obtain the mean time of elongation 
of Polaris, local meridian, latitude 40°, in which the argument is the 
longitude west from Greenwich, is obtained from the table of side- 
real conversions (Table 19, Standard Field Tables) without compu- 
tation. The amount to apply to the local mean time o{ elongation 
of Polaris latitude 40° to obtain the local mean time of elong^iy^on ot 
Polaris at the latitude of observation is tabulated in the Ephemeris 
in connection with the table of azimuths of Polaris at elongation. 

Examples of reduction from the Greenwich mean time of elonga- 
tion of Polaris, latitude 40°, to the local mean trine of elongation of 
Jolaris, latitude 64° SO' N., and longitude 146° SO' W.: 



mmmmmnrs and methods. 57 



BAtnSN in<01fOA9IQH. 



Sept. 9, 1910, Gr. E. E. of Polaris, Lat. 40°=8»» 19.6" p. m. 
Red. to long. 146*» 30^ W., 1« 36» « - 1.6 

Red. to lat. 64° 3(y N. = + 5.8 

L. M. T. of £. E. d Polaris 8^ 23.8» p. m. 



. ..1 



yftmEKK CLOlfOAlXON^ SAME STATION. 

Oct. 16, 1910, Gr. W.E. of Polaris, lat 40*»«5»» 48. 5» a. m» 
Red. to long. 146^ 30^ W., 1« 36- = ^ 1.6 

Red. to lat. 64« 30^ N. == - 5.8 



L. M. T. of W. E. of Polaris « 5^ 41.1" a. m. 

65. ConveiBion of a meantime in^rval into a sidereal time inter- 
val, or vice versa: The amo/bnt to ipp^y t^ one time interval to obtain 
the other time interval is found in the table of sidereal conversions 
(Table 19, Standard Field Tables) without computation. 

Example of conversion of a mean time interval into a sidereal 
time interval: 

Mean time hour angle of Polaris for an assimied obser- 
vation ip. Alaska »7*» 32.6" J 

Converslon^into equivalent sidereal hour ao^ » -f . . } : . : 14i 

Sidereal hour angle « 7^ 33- 50^^ 

I III =3 

7h „x05** 
33«« 8*» ly 
50»« 12^ 30^' 



s ..> 



ai3^ 27^ 30^^ 



\ ' / 

66. Hour angles of Polaris: a me^ time hour angle of Polaris 
west of the meridian is the mean: time interval ^rom the local mean 
time of the last preceding upper culmination to \he local mean time 
of observation of Polaris; a mean tin^ hour angle oi^ l^olaris ea9t ci the 
meridian is the mean time interval ^om the, local mean time of obr 
servation to the local mean time of the next succeeding upper cul- 
mination of Polaris, i . : . 

The above application of the term **hour angle" is a departure 
from conventional usage, which has been employed in order to sim- 

65465 '•—19 5 
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plify the text. By this means one c<»ifiiBing step in the problem 
relating to hour angles for positions of Polaris, east of the meridian is 
avoided. Polaris crosses the meridian at lower culmination at an 
hour ang^e of 11^ 58™ 02% and in the arrangement of the various 
examples, the observations west of the meridian have been referred 
to the last preceding upper culmination, and tbote east of tiie merid- 
ian have been referred to the next succeeding upper culmination, 
thus avoiding the introduction of any hour ai^es exceeding 11** 58™ 
02». 

Examples of computing hour ailgles <A Polaris; all taken out for 
longitudie 117^ 15^ W.': 

West of the Tneridian, p. m. o6sn., U. C. in p. m. 




L. M. T. of obsn., Feb. 18, 1911 =«5^ 20. 1« p. m, 

Gr. U. C. same date =3^ 36. 5™ p. m, 

Jled. to long. 117<> 15^ W.« -1.3 «3 36.2 p.m. 

Hdur angle of Polaris, west «1* 44. ^ 

West of the meridian, p, m. o5in., U. C, in a. m. 




L. M. T. of obsn.. May 14, 1911 =|t^L 

Gr. U. C. same date =*10* 02. 1™ a. m. 

Red. to long. 117*^ 15'' W.« -1. 3 «= 10 0. 8 a. m. 

Hour angle of Polaris, west = 9^ 11. 6™ 
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We$t of the meridian, a. m. obsn., U. C. in p. m. 




L. M. T. of oben., Nov. 3, 1911 

Gr. U. C, Nov. 2 -10>» 43.9» p. m. 

Red. to long. 117*>iyW. 



-1.3 



Hour angle of Polaris, west 



1+12 

|=» 6>»31.6»a. m. 

=10 42.6 p. m. 
= 7*'49.0« 



West of the meridian, a. m. ohsn., U. C. in a. m. 




L. M. T. of obsn., Aug. 11, 1911 

Gr. U. C. same date =«4^ 13.6» a. m. 

Red. to long. 117<» ly W. -1.3 

Hour angle of Polaris, west 



5*» 05.9»» a. m. 



4 12.3 a. m. 



0^53.6=» 



EoMt of the meridian f p. m. ohsn.^ U. C. in p. m. 

^4j 



Gr. U. C, Dec. 20, 1911 
Red. to long. IIT** 15^ W. 

L. M. T. of U. C, Dec. 20 
L. M. T. of obsn., same date 

Hour angle of Polaris, east 




7»^34.8»p. m. 
-1.3 



7 33.6 p. m. 
4 35.1 p. m* 



= 2»» 68.4« 
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East cfthe^ tmridian, p. m, obtn,, U. C. in a. m. 



Gr. U. C, Sept. 2, 1911 
Red. to long. 117^ 15^ W. 

L. M. T. of U. C, Sept. 2 
L. M. T. of obsn., Sept. 1 
Hour angle of Polaris, east 




* 2»» 47 .4« a. mi. 
-- -1.3 • 



1= 2 46.1 a. m. 
1+12 
=» 6 84.0 p. m. 



■*T- 



&" 12.1» 



East of the meridifln, a. wi. obsn,, U. C. tn p. m. 




Gr. U. C, Mar. 19, 1911 
Red. to long. 117<* 15^ W. 

L. M. T. of U. C, Mar. 19 
L. M. T. of obsn., same date 
Hour angle of Polaris, east , 



l»»42.1«p. m, 
-1.3 



f— 1 40.8 p. m. 
1+12 
« 6 06.6 a. m. 



711 34,2» 
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BoMt o/Ai mmdian^ /l nt. obtn,^ U, C, in a, m. 




^ 46.4» a. m. 
-1.3 



9 45.1 
4 42.9 



a. m. 
a. m. 



&" 02.2» 



Gr. U. C, May 18, 1911 
Red. to long. 117** 15^ W. 

L. M. T. of U. C, May 18 
L. M. T. of obsn. 

Hour angle of Polaris, east 

67. By reference to the preceding diagram showing the direction 
of motion of Polaris in its diurnal circle, Unrth 

the motion at western elongation is shown 
to be vertically downward, and at eastern 
elongation the motion is shown to be ver- 
tically upward. At the epoch of eiUier 
western or eastern elongation the motion 
of Polaris in azimuth is zero. 

At the equator, if Polaris could be ob- 
served; the hour an^e of Polaris at elon- 
gation would be 90*^ 0' (K^=fi»» 0» 0* 
sidereal hour angle^5^ 59™ 1.02" mean 
time hoxur angle, but as stations of ob- 
servation are occupied in the higher 
latitudes the hour angle of Polaris at 
elongation decreases progressively. The 
reason for this is found in the fact that 
all vertical planes intersect at the ze- 
nith, and the 'point of tangency of a 
vertical plane with the diiunal circle of 
Polaris occurs at points corresjwnding 
to decreasing hour angles with the higher 
latitudes. The ** spread" of the two 
y^r^cal' plajaes intersecting Polaris at 
eastern and western elongation increases 
with the higher latitudes, giving in- 
creasing azimuths at elongation with the more northern latitudes. 




FiO. &— Tlie meridian and 
vertical planes tangent to 
the diomal circle of Polaris 
as viewed fh>m inside of tbe 
celestial sphere. 
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68. Mean time hour angle of Polaris at elongation: t«a»the sidereal 
hour angle in angular measure; this converted into time measure, 
and this in turn converted from a sidereal time inter^nal into a mean 
time interval gives the mean time hoiur angle of Polaris at elongation: 

Cos ^=scotan 5 tan <t> 

Example of computing the mean time hour angle of Polaris at 
elongation, April 3, 1915, in latitude 65^ (K N., on which date the 
declination of Polaris=88^ 51' 2(K' N . : 

0=65^ (K; 
5=88«51'2(K'; 

Sidereal hour angle 



log tan^ 
'* cotan a 


= 0.331327 
» 8.300530 


'* COBt 


« 8,631857 
=87*>32Mr' 




87^=5^ 48»» 
32'= 2™ 08* 
4V'^ 3* 


hour angle 


=5»> 50«1P 
=. -0« 67« 


elongation 


=5»» 49»14* 



ALTITUDE OBSERVATION OF TttB SUN FOB APPABBNT TDIB* 

69. Altitude observation of the sun for apparent time: f=«hour 
angle from apparent noon in angular measure: reverse the signs of 
5 for south declinations: 

Ton 1 / / sinHr+<»-g)8inHr-0+g) 
ian t ^'^-ycosi a+<^4 5) cosj (f-<^-«) 

70. An altitude observation of the sun for time is made by deter- 
mining the correct altitude of the sim's center and recording the 
watch time at the epoch of observation. The following order of 
procedure is recommended for the elimination of instrumental errors, 
reduction to the sun's center, and practical elimination of differen- 
tial refraction: 

A. M. OBSERVATIOK. 

Thoroughly level the transit. 

Observe the sun's upper limb, recording the watch time of observa- 
tion and vertical angle. 
Reverse the transit. 
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Obeerve the 8un*8 lower limb, reoofding the watch time of observa- 
tion and vertical angle. 

The mean vertical angle is equivalent to the vertical angle to the 
sun's center corresponding to the mean epoch of the watch readings. 

F. M. OBSBBYATION. 

Thoroughly level the transit. 

Observe the sun's lower limb, recording the watch time of observa- 
tion and vertical angle. 

Beverse the ^ansit. j 

Observe the sun's upper limb, recording the watch time of observa- 
tion and vertical angle. 

The m^an Vertical angle is eqidvalent to the vertical angle to the 
sun's center corresponding to the mean epoch of the watch readings^ 

Example of altitude observation of the sun for apparent time: 

Final fiMnotet, 

August 24, 1909, in latitude 37** 16^ 50" N., and longitude lOa** 12' 
W., I make an altitude observation upon the sun for time, making 
two observations, one each with the telescope in direct and reversed 
positions, observing opposite Hmbs of the sun: 

Mean observed vertical angle «19*' 39^ 30^' 
Mean watch time of observation's 4** 66" 04* p. m. 
Watch slow of local mean time = 0»56" 

PiM record. 



TT- 



Telescope. 



Direct 



Reversed. 



Sun's 
limbs. 



^ 



ilr 



Watch time. 



4h55"22« 
4 56 46 



Vertioalsvi^.: 



19* 33' 00". . 
19 46 00 



Mean , 1 4»»56«»04« 19* Sy 30"-t; 

Refraction — - 2 40 

Parallax, ,.,,..., .,.., , »■ " + Op 

A - !»• W 58" 






, I 



■ ' ii »■ fc 
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True vtftical 9Xig\e^k»l9^*97^ 

Zenith diatance ' «f-70*'2y 

Sun'8 dediatadon «<««ll<'oyN. 
r-» 70*'23^ 

0= 37 17 



r»7o^' 

0-37 17 



(j-+0)=.lO7*'4(K 
5= ll^'Oy (+) 



(r-0)=33«oe' 

«»11°05' (+) 



^ valuefl"* 
(r+<^+«)=118*'45' 59*»22'3(K' 22°0y3(K' (f-.^^)«^oii/ 



(>+0)=lO7'^4(y 
«= 11 05 (+) 



(f-0)«33*»OO' 

«=1105 (+) 



(j'4.0-5)« ge^ss' 48«»i7'3o^ ii"0(K9(K' (r-*-.a)-«2yH)r 



log Bin J(f +0-«): 
" Bini(r-0+«)= 



9. 873054 
9, W5291 

'• cos Kr4-<^4-«)==9. 707073 9. 448345 
" C06Kr~<A-5)=9.991934 

9.099007 9.609007 



" tan je 



9.749338 
9« $74669 



73** x*4»»52» 
4r « 2«44« 



Jt=36«»50'42^' «»73**4r24^' 

Apparent time of observation «=4*54■^6■ p. m. 
Bqnatxm of time +2 14 

Local mean time of observation«4*57"KX)* p. m. 
Watch time of observation ■^4 56 04 p. m. 



t=4'>54»46» 



Watch slow of local mean time 



0"56' 



IfEBIDIAN OBSBBVATION OW THE 8UN FOB AFPABSNT MOOIT. 

71* Meridian ohservabUm of the tun for apparent noon. — With the 
telescope in the meridian elevated to the sun's altitude, the watch 
times of transit of the sun's west and east limbs are noted, the mean 
of which is the watch time of apparent noon; if the observadon fails 
for either limb the reduction to the sun's center is accomplished by 
adding or subtracting 68 seconds; a refinement in the amount of this 
time is had by referring to the Ephemeris for the time of the sun's 
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paaeing the meridian for the date of observation; the 
nttuig lor tiie approximate altitude of the son's center is: 

OBSKBVINa PBGORAJf. 

determine the meridian by the best means at hand and compute 
the altitude setting for the sun. 

Level the transit, place the instrument in the meridian, and ele- 
vate the telescope to the altitude of the sun's center. 

Note the watch time of the sun's west limb tangent to the vertical 
wife. 

Note the watch time of the sun's east limb tangent to the vertical 
wire. 

Take the mean of the readings for the watch tiilie of apparent 
ii6on^lN>m wbich to compute the watch error local mean time. 

Bammple of meridian obeervation of the snn for apparent noon: 

Pinal field notes. 

August 14, 1909, in latitude 37«» 16^ N., and longitude 102* 16' W., 
with the telescope in the meridian and elevated to the sun's altitude, 
T observe the sun's transit for time, noting the watch time of trandt 
ol each limb: 

. Mean watch time of apparent noana*12^ 00™ 27" 

< Watch alow of local Biean time «> 4'^06' 

Field record. 

Setting: 90° W 

0^ (-)37°16'N. 
a yi (+)14°25'N. 

V ^ 67° 09^ 



^ Watch time of transit, W. limb ^W 59" 22* 
-^ Watch time of transit, E. limb =12 01 32 

Watch time of apparent noon =12>» 00" 27" 
Apparent noon a=12* OO" 00« 

Equation of time« + 4 33 

* < t .i f . 1 1 I 

Local mean time of apparent >iO€fnaKi2 04 83 
' ' WWch slow of local mean time == 4* 06* 



The above form of meridian observation oC the sun for apparealt 
noon 10 by far the most convenient reliable method of time observation. 
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TIME FBOM THE SOLAR ATTACHMENT. 

72* Several of the approved forms of solar appaiBtus, including 
principally the Smith solar attachment and the Burt solar compass, 
have a graduated arc or circle mounted normal to the polar axis to 
indicate the apparent time of observation. The reading of the time 
arc is most conveniently checked by comparison with th6 above 
form of meridian observation of the sun for apparent noon. Ah 
error in the reading of the time arc or hour circle may be corrected 
by adjusting the circle, or allowed for as an index error. The reading 
of the hour circle may then be safely accepted as giving correct 
apparent time for use in computing or taking put required declina- 
tions of the sun for the various forms of solar observations. A proper 
reading of the hour circle may be safely accepted to indicate apparent 
time at which moment the watch reading may be noted, aad the 
watch error local mean time determined as shown in the precwling 
example of conversion of apparent time into local mean time; this 
result derived for the watch error local mean time may then be safely 
used in observations on Polaris at elongation y but for observations 
upon Polaris by the hour angle method the time should be determined 
by one of the more refined methods already given. 

LATITUDE. 

78. It is absolutely necessary in tiie operation of any solar attach- 
ment to employ the correct latitude of the station, and in general in 
altitude observations upon the sun for asumuth or time the latitude 
must be well determined. In the public-land surveying practice 
all determinations of either time or latitude are an important part 
of the program of operations only so far as these functions finally 
enter into the establishment of the true meridian; all classes of 
observations given in the Manual have beei^ arranged to f^ilitate 
the performance of solar instruments, and for this purpose a definite 
knowledge of the true latitude is highly important. No lack of 
reasonable precision should be allowed in the accepted latitude. 
The various forms of observations lor latitude are very simple and a 
considerable series should be taken in every group of surveys, all 
reduced to the township boundaries iosc comparison, until a satis- 
factory mean has been obtained . 

MERIDIAN' ALTirUDB OBSERVATION OV THE SXTN FOR LATITUOB. 

74. Meridian altitude observation of the sun for latitude, — ^Reverse 
the tdgn of 5 for south declinations: • v i 
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The following observing program is recommended: 

Tborougfaly level the transit and place the telescope in the merid- 
ian elevated to the sun's approximate altitude at noon. 

Observe the altitude of tiie sun's lower limb with the sun i^htly 
east of the meridian. 

Reverse the transit. 

Observe the altitude of the sun's upper limb with the sun slightly 
west of the meridian. 

Take the mean observed vertical angle for the altitude ol the 
sun's center at apparent noon. 

The foUowing is an example of meridian altitude observation of 
the sun for latitude: 

Final field notes. 

October 5, ld09, in approximate latitude 37^ 2(K N., and longitude 
102^ 04^ W., I make a meridian altitude observation of the sun lor 
latitude, observing the altitude of the sim's lower limb with the 
telescope in direct posit ion, reversing the transit and observing the' 
sun's upx>er limb : 

Apparent time of observation, noon =12^ 00** 00* 
Mean observed altitude =n47® 69' 4^^ 

Reduced latitude ^V W,Z N, 

Field record. 

Setting: 90** OO' 

^yt (-)37O20/N. 
5H (~) 4*'42'S. 

V 7^ 47** 58' 

Lower limb 47* 42' 

Upper limb 48*» 14' 

^ Observed alt., lower limb, tel. dir.=47° 43' 00" 

-b Observed alt., upper limb, tel. rev.=«48** 16' 30" 



Mean observed altitude, v «47*> 69' 46" 

Refraction - 52 
Parallax + 06 




;i=47*» 58' 59" 
5= 4 41 42 S. 
^-37<>19'.3N.-90*'-a-.A«37 19 19 




90*00' 00" 


i 
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75. The above^lescrib^ observatioik i« ccmvexiieiitly combined 
with the meridian observation ol the mat for time^ by obaervlng 
simultaneously the sun's lower and west limbs^ recording, the watch 
tim^ and the vertical angle and reversing the transit in the interval 
of about 2 minutes, and then observing simultaneously the sun's 
upper and east limbs. The settings for the ajq^mndmate altitudes 
of tJb^ sun's lower and upper limbs, respectively, ace: 

v^90**-<^±«=Fl6' 

' 'Example of meridian observation of the sun for time and latitude: 

Final field notes, 

Jime 8, 1910, in approximate latitude 38® 54^ N., and longitude 
77° 01^.6 W., I make a meridian observation of the sun for time and 
la;titude, observing Bimultaneously the altitude of the sim's lower 
limb and the transit of the sun's west limb, reversiog the telesoope 
and observing simultaneously the altitude of the sim's upper limb 
and the transit of the sun's east limb: 

Mean observed altitude m^TS^^bb^W^^ 

Reduced latitude -«38« 63^7 N, 

Mean watch time of observation=»12*' 0C°* 40* 
Watch fast of local mean time = 7" /58" 

Field reoord, 
Settinr* 90'' 00" 

5« (+X22°4yN. 



Lower limb 73*89< 
Upper Umb U'^IV- 



Pofdtioo of telescope. 


Position of sun. 


Watch time 
transit. 


Observed Ter- 
tied angle. 


Direct 


^ % 


13fc (»» 37- 
12 07 43 


1%* 4» W* 


Reyened 


74 08 80 






If^^fin . . . r 


12h Oem 40i 


73* 55' 80" 


Befrac^'on 






-16 
+08 

- 73» SS* 15" 
-112 40 00 


Parallax 






h : 






a-22* 49* 00";90*+« 


............V>>>w..*,.<... 


■ 






..............sa 


*-38» 63'.7 N.-90»+a-h . 


- 38« 63' 44" 
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Watch, time of fipparent noon ••12** 06™ 40* . j 

Apparent noon =»12'» 00™ 00* 

Equation o£ time, 4 « — 1 IS 

Local mean time of apparent noon. » 11 58 42 

Watch fast of local mean time «■ 7* 6S» ' 

Hie known latitude of the above etation is 38*^ bS^ 4Ky\' but it pan 
not be assumed that any one altitude observation of the sun /will 
always give a result so close to the true latitude. In general a better 
determination of the latitude by this method is possible only by 
making a series of observations on successive days, or by combining 
the result with Polaris observations for latitude. 

For the purpose of a test as to the accuracy of the above time 
observation^ the same watch was compared with a Western Union 
telegraph clock as follows: 

75th meridian time of comparison, s 12^ 00™ 00* 
CJorrection for longitude 77** 1.6'.. . « -08 06 

Local mean time of comparison a>lP 61™ 54* 

Watch time of comparison sll 59 56 

Watch fast of local mean time »» 8™ 02* 



ALTITUDE OBSERVATION OF POLABIS FOR LATTIUDB. 

76* Altitude ob$ervation of Polaris at upper culmination for latitude: 

Altitude observation of Polaris at lower culmination for latitude: 
The mean time hour angle of Polaris at lower culmination is 11 
hours 58 minutes 2 seconds: 

^=^4.90^-5 ■ 

The settings for the approximate altitude of Polaris at upper and 
lower culminations, respectively, are: 

The following pro|^ram is xeoommeAded iof altitude obeervmiions 
of Polaris at culmination for latitude. . . 

OomiHite the local mean time jmd watch time of ciilminatlim. • 

Thorougjily level the transit. 

About four minutes before culmination obii^rvid the altitad^ of 
Polaris with the telescope in direct position. 



70 MANUAL OP SURVBTINO INSTRtTCTIONS. 

Reverse the trani^t and observe the altitude of Polaris. 

Again level the transit. 

Observe the altitude of Polaris with the telescope in ihe reversed 
position. 

Reverse the transit to the direct position of the telescope and again 
observe the altitude of Polaris. 

Take the mean observed altitude to use in the reduction. 

Example of altitude observation of Polaris at lower culmination 

for latitude: 

Final field notes. 

» * June 19, 1910, in approximate latitude 38 ** 54'' N., and longitude 
77® 01''. 6 W., I make an altitude observation on Polaris at lower 
culmination for latitude, making four observations, two each with 
the telescope in direct and reversed positions: 
Watch fast of 75th meridian 

standard time by comparison = 0"* 24* 

Mean watch time of observation = 7*» 44™ 37" p. m. 

Mean observed vertical angle = 37** 44'' 00'' 

Reduced latitude = 38** 53'.4 N. 

Field record. • ' 

Setting: 90** OO' 

5?^88« 49' 



90**-aj^ r 11' 

v?^ 37** 43'*=!^ -(90*' -5) 

' I I I igg 

Gr. U. C. of Polaris, June 19, 1910 =« 7^ 39.7" a, m. 

Reduction to longitude 77** 1.6' W. -= -0.8 

Reduction to lower culmination = + 11 58 .0 



7^ 36.9« p. in. 



L. M. T. of L. C. of Polaris, June 19 =711 36^ 54» p. m. 

Watch fast of 75th meridian standard time by 
ccnnparison with a Western Union telegraph 
clock «»4- 24 

Correction for longitude 77** 01'.6 W. «=+ 8 0« 

Compiited watch time of lower culmination == 7*» 45™ 24» p. m. 
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Dtreet.... 

ReTersod. 
Reversed. 
Direct... 



Mtan. 
Refraction.. 



Teleeoope. 



Watch 
time. 



7^ 40" 14- 
7 42 45 
7 46 39 
7 48 50 



:»« 44« 87» 



Vertical 
angle. 



37* 42' 30" 
37 44 30 
37 45 30 
37 43 30 



37* 44' 00" 
-1 16 



A-37' 42' 46" 
«-88» 49' 20"; OO'-S -X 10 40 

*-38»63'.4N.=*+(90''-i) -38» 53' 25" 



AZIMUTH. 



THE SOLAB ATTACHMENT. 

* 

77* The solar attachment to the engineer's transit has been 
dengned forinstrumentally setting off the sides of the ^^pole-zenith- 
sun" triangle in agreeooient with their angular values at the station 
and time of observation. The sun's image may be brought into the 
line of collimation of an auxiliary telescope by orientation of the 
transit to the position where the instrumental parts are made parallel 
to the respective sides of the celestial triangle, whereupon the verti- 
cal plane of the ^^pole-zenith'' aj?c of the solar attachment will 
coincide with the true meridian. Skillfully handled, the solar at- 
tachment will give at once close approximations to the true meridian 
comparing favorably for accuracy with direct observations. The 
advantage in the proper use of the solar attachment is found in its 
rapid and close determinations of the meridian in heavy timber, 
dense undergrowth, and strong wind, in low swamp or on high 
moimtain ascents, and under nearly all other difiicult physical 
situations encountered in the field , avoiding in its proper use accumu- 
lative errors incident to the prolongation and deflection of transit 
lines, and deviations in the azimuth of latitudinal lines. Several 
ingeniomi instruments have been devised for this purpose, but the 
Smith solar attachment, invented by Benjamin H. Smith, of Colo- 
rado, in 1880, has given the most general satishtctlon of auy solar 
instrument in meeting the special requirements of the surveying 
service of the General Land Office wherein it has been developed 
to a state of effici^Ksy which haa fully warranted the adoption of 
this model as a staiidard instrument for use in the : public-land 
surveys. 
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Owing to the different details in the design of the .Smith solar 
attachment as constructed by various instrument makers it is 
impossible to discuss fully the test and adjustment of each without 
giving a complete description of the several models, and this would 
lead away from the purpose of the Manual. The standard model; 
embracing the most recent improvements, is therefore selected for 
description, and discussion of the theory, adjustment and use of the 
Smith solar attachment. The supervising officers will furnish the 
surveyors with suitable instructions relative to the test and adjust- 
ment of any other special instruments supplied to them, published 
in circular form as deemed exi)edient. 

DsscsiPTioir. 

78. The working parts of the Smith solar attachment consist of 
^\e fundamental features, each performing its own distinctive 
function. The principles involve have beea adapted to varidus 
types of construction, and the efficiency of thftdiBBrantdesigosifi 
related directly to the perfection which may be ^attained in making, 
a proper adjustment in the field, the utability of the adjustmentt 
when made, and the compactness of 4^ design, considering proteo-^ 
tion to the working parts and proper dirtrilmtion of w«ight^ The 
five fundamental working parts conrast of : - 

1. An auxiliary telescope who«e line ci cotiimaticm is the polar 
Kxia of the solar attadmient; the telescope n»y be revolved in col-* 
lar bearings whidi are securely mounted on a vevtical limb. 

2. The verticcd limb is Eoounted on a horizontal aads and has % 
graduated latitude arc in its vertical plan*. 

3. A plane mirror at the objective end d the auxiliary telescope 
with an axis normal to the line of colHrnatioiLy and an aim lead^ 
io a graduated declination arc; 

4. An hour circle on the auxiliary telescope mounted normal to 
the line of coUimation. 

B. A set of equatorial wires parallel to the axis of the' refiector. 

In all the forms of con8tructio(n of the Smith aolar attacluqent the 
auxiliary telescope is mounted in a vertical plane paarallel to the 
transit telescope. Tkus^ if tlii» instmment i»in propei* itdjustment 
•ad oriented to the true meridian, the polar axaia of 4iie solar sttadin 
ment may be made parallel to the ^ort^'s- polar axis b^. setting off" 
the true latitude ol the station* The* sun's iMiys are brought into the 
auxiliary telescope by medns of the miixor, d»e allowance being 
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made for the sun's declination north or south of the equator, but to 
bring the sun's image into the auxiliary telescope the latter must be 
revolved in its collar bearings until the reading of the hour circle 
agrees with the sun's apparent time. When the auxiliary telescope 
is thus revolved the sun's image will traverse the field of the eye- 
piece parallel to the equatorial wires with the limbs of the disk tan- 
gent to the same. If the transit is turned in azimuth the sim's image 
will immediately depart from the equatorial wires, except at noon 
when the image will follow the equatorial wires whether the transit 
be turned slightly in azimuth or the auxiliary telescope be revolved 
in hour angle. At apparent noon the declination arc is in a ver- 
tical plane and at this time an absolute determination may be made 
of the correctness of the reading of this arc. 

In the modern construction the solar attachment is mounted 
upon the east standard of a regular light mountain model full engi- 
neer's transit, the horizontal circle of which has a diameter of 4 J 
inches, with a vertical circle of 4 inches diameter. The horizontal 
distance between the vertical planes of the transit and auxiliary tele- 
scopes is a trifle less than 4 inches. The auxiliary telescope has a 
focal length of 4| inches and a magnifying power of about 10 diam- 
eters. The latitude arc has a radius of 3 inches, and the declination 
arc has a radius of 3i inches. Upon the latter arc the graduations 
read the true declination and, as the mirror needs to be turned only 
5° to correspond to a change of 10° in the sun's declination, the gradu- 
ations are made in one-half space, i. e., an interval of 10° on the arc 
as graduated occupies a segment of only 5°. At zero declination 
the plane of the mirror is at 45° to the line of sight of the auxiliary 
telescope. Both telescopes are fitted with the necessary colored 
glass shades for observing the sun. The base plate of the solar is 
moimted upon three foot posts, adjustable by means of opposing 
capstan nuts. This three-point base forms a right-angled triangle, 
with one side horizontal and one side vertical, thereby permitting 
adjustment in either of two directions: (a) One about a horizontal 
axis, and (6) one about a vertical axis. Suitable capstan nuts are 
also placed at one end of the auxiliary telescope to provide for its 
proper adjustment with respect to the axis of the latitude arc. 

Good solar work must depend first of all upon the proper adjust- 
ment of the transit upon which it is mounted, with great care in keep- 
ing every working part cleaned, suitably oiled to work smoothly, and 
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protected from adverse weather and injury. The same precautions 
are due the solar attachment. It will give very efficient meridional 
performance if properly adjusted and operated; nothing less can be 
conceded. 

Before starting in with the adjustments it should be determined 
that the auxiliary telescope revolves smoothly in its collar bearings, 
neither too tight nor too loose; that there is free and smooth motion 
to the latitude and declination arcs; that the clamps are positive and 
the tangent motions smooth and free in either direction; that the 
eye-piece is carefully focused upon the cross wires; and that the 
objective is carefully focused upon any quite distant object, then 
secured in this position. The eye-piece turns freely and has a pin- 
which travels in a guide slot; this pin is not a clamp. The objective 
may be moved by first loosening, then pushing the screw, which will 
be found to travel in a guide slot near the lower (or left hand) collar 
bearing. 

ADJUSTMENT. 

79. The field adjustments of the solar attachment should be con- 
sidered in the following order: 

1. The equatorial wires must be made parallel to the axis of the 
reflector. 

2. The line of sight of the auxiliary telescope must lie in its true 
turning axis. 

3. The polar axis, or line of sight of the auxiliary telescope, must 
be normal to the axis of the latitude arc, describe a true vertical 
plane when turning on said axis, and said vertical plane must be 
parallel to the vertical plane of the transit telescope. 

4. The latitude arc should read zero when the auxiliary telescope 
is horizontal. 

5. The declination arc should at all times read the true declina- 
tion of the sun plus the refraction in polar distance. 

6. The hour circle should read the sun's apparent time. 

There are two or more methods of testing each and every adjust- 
ment, but those stated below are without doubt the simplest, and 
most rapid and reliable of all field methods. The true meridian 
should be established by Polaris or other independent observation, 
upon which to test the solar, but otherwise it plays only a small part 
in the adjustments of the solar attachment. The true latitude of the 
station must be definitely known. There should be a clear view to a 
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distant object in the horizon, but if an object less than a mile away 
must be utilized due allowance may be made for the horizontal dis- 
tance between the vertical planes of the transit and auxiliary tele- 
scopes. 

1. The equatorial wires. — Set up the instrument as in a regular 
solar observation, setting oft the known latitude,, declination and 
apparent time, and bring the sun's image acciuately between the 
equatorial wires by orienting the transit approximately to the meri- 
dian, in which i)osition the instrument should be clamped. (See 
fig. 9.) Turn the auxiliary telescope in hour angle, causing the sun's 
image to travel across the field from side to side . If the image follows 
the equatorial wires accurately the latter are parallel to the axis of 
the reflector as required. If the sun's image departs materially from 
the equatorial wires, the cai)stan screws which hold the diaphragm 
should be loosened and the reticle may be rotated until the equa- 
torial wires are made to agree with the path of the sun's image across 
the field, then return each cajwtan screw to a proper seat. 

2. Collimation of the atucUiary telescope. — Swing the mirror to give 
a direct view through the auxiliary telescope. (See fig. 10.) Set 
the line of sight on a distant point and clamp the instrument. 
Revolve the auxiliary telescope 12 hours in hour angle. If the line 
of sight remains fixed on the distant point it agrees with the turning 
axis as required. If after revolution, the line of sight appears to be 
above or below, or to the right or left, of the distant point, one-half 
of the differences should be taken up with the capstan screws which 
control the diaphragm. The test should be repeated until the auxili^ 
ary telescope is in perfect collimation. 

3. The polar axis. — Carefully level the transit and then sight the 
main telescope to the distant point and clamp the instrument; sight 
toward the same point with the auxiliary telescope, and place the 
striding level on the latitude axis. (See fig. 10.) The striding level 
should be reversed to see if there is any error in the level itself, and 
if so take the mean position for the true indication of the level. If 
the latitude axis is not horizontal it may be made so by adjusting the 
lower pair of capstan nuts on the base frame of the solar attachment. 
If the line of sight of the auxiliary telescope is not parallel to that 
01 the main telescope it may be made parallel by means of the left- 
hand upper pair of capstan nuts on the base frame of the solar. After 
fulfilling the foregoing conditions turn the transit 180^ in azimuth and 
reverse both telescopes so as to sight again to the same distant object* 
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setting the main telescope upon the object. (See fig. 11.) If the 
auxiliary telescope does not again sight upon the distant object, one- 
half the error is due to its line of sight not being at right angles to the 
axis of the latitude arc. Take up half of the amount of the error 
by means of the pair of capstan nuts at one end of the auxiliary 
telescope, and take up half of the error by again correcting the 
left-hand upper pair of capstan nuts on the base frame of the solar. 
The line of sight of the auxiliary telescope should now be normal 
to the axis of the latitude arc, should describe a vertical plane when 
turning on said axis, and said vertical plane should be parallel to the 
vertical plane of the transit telescope. The tests should be carefully 
repeated until the adjustments are perfected. 

4. The latitude vernier. — Carefully level the transit, clamp the 
latitude arc at zero, and place the striding level in position on 
the auxiliary telescope. (See fig. 12.) The striding level should be 
reversed to see if there is any error in the level itself, and if so take 
the mean position for the true indication of the level. If the aux- 
iliary telescope is not horizontal it may be made so by means of the 
tangent motion of the latitude arc. When the auxiliary telescope 
has been made truly horizontal the reading will indicate the index 
error of the vernier of the latitude arc. The vernier is held in posi- 
tion by two screws passing through elongated holes, and by loosening 
the screws the vernier may be shifted to read zero, or the difference 
from zero may be carried as an index error. 

5. The declination vernier. — ^A few minutes before apparent noon 
set the instrument in the established meridian. Set off the known 
true latitude, allowing for any index error in the vernier of the lati- 
tude arc. Carefully level the transit and clamp the instrument 
with the main telescope in the meridian. Bring the sun*s image 
into the field of the auxiliary telescope by turning this telescope in 
hour angle. At apparent noon bring the sun's image accurately 
between the equatorial wires by means of the tangent motion of the 
declination arc. The difference between the reading of the declina- 
tion arc and the calculated declination (corrected for refraction) 
will indicate the index error of the vernier of the declination arc. 
This vernier is also held in position by two screws passing through 
elongated holes, and by loosening the screws the vernier may be 
shifted to read the calculated declination for apparent noon of that 
date, or the difference may be carried as an index error. This test 
should be made every day the instrument is used. If by some 
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Flo. 11.— The auxiliary telescope Id iBVBtsed position. 
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failure in the adjustments of the solar attachment a difference of as 
much as 30'''' from previous tests should be discovered in the noon 
observation, the new error will generally be found in one of three 
places: (a) The auxiliary telescope may be out of collimation; (6) the 
vernier of the latitude arc may have become loose and shifted; or (c) 
the vernier of the declination arc may have become loose and shifted. 
Any slight error in the other adjustments, or in the determination of 
the established meridian, will not appear in the noon test of the 
declination arc. 

6. The kovT circle. — ^A few minutes before apparent noon set the 
instrument in the established meridian . Level the transit and clamp 
the instrument with the main telescope in the meridian and elevated 
to the sun's altitude. Set your watch to read 12 o'clock as the 
sun's center crosses the vertical wire of the main telescope. At any 
convenient time thereafter set off the proper readings on the latitude 
and declination arcs, and with the instrument in the meridian, bring 
the sun's image to the center of the field of the auxiliary telescope 
and observe the watch time. If the reading of the hour circle agrees 
with the watch it is in adjustment; if not, it may be made to read 
apparent time by loosening the set screw which holds the hour circle 
in position and shifting the circle imtil the reading agrees with the 
watch, care being taken not to move the auxiliary telescope in hour 
angle until after the set screw is again seated. The test may then 
be repeated as often as desirable. 

USE. 

80. Before using the solar attachment the latitude of the station 
and the sun's declination (properly corrected for refraction in polar 
distance) must be l:nown and accurately set off on the respective 
arcs. The instrument is carefully leveled and the apparent time 
set off on the hour circle. The transit is then oriented to the meri- 
dian. The plates are generally first set at zero and the sun's image 
brought into the field of the solar telescope before setting the lower 
clamp; thereupon the sim's image is brought accurately between 
the equatorial wires with the lower tangent motion; this gives the 
solar meridian. The transit may then be used for any normal func- 
tion. The solar meridian may be tested as many times as may be 
desirable by simply setting the plates back to zero and turning the 
auxiliary telescope in hour angle to the apparent time; this brings 
the sun's image again to the renter of the field. The sun's declina- 
tion is constantly changing at a very slow rate, so that it is necessary 
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Fig. 12.— tub striding level on thB auilliary telescope. 
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to correct the reading on the declination arc with its tangent motion 
to agree with the declination of the sun for the apparent time of 
observation. 

The great advantage of the Smith solar over all other forms of 
solar attachment is found in the fact that the latitude and declina- 
tion arcs remain clamped while the transit is being used in any nor- 
mal function. Upon setting up at a second station it is necessary 
merely to correct the latitude and declination arcs with their tangent 
motions to agree with any change from the previous station. For 
this reason it may be operated more rapidly than any other form 
of solar attachment. In fact, the solar meridian is so quickly deter- 
mined that the observation is usually repeated at every station. 

The same restrictions which must be recognized in making direct 
observations on the sun operate in the same way as a prohibition in 
the use of any solar instrument. There are only two such limita- 
tions: (1) When the sun is within two hoius, or possibly an hour and 
one-half of the meridian; and (2) when the sun is low in the horizon. 
In the first instance, the sun's relative rate of change in azimuth is 
much greater than the rate of change in altitude, and a small error 
in adjustment or in setting the arcs is greatly multiplied. In the 
second case the refractions are great, more or less uncertain, and 
changing rapidly. 

The latitude of the station should always be determined with 
great care. Altogether too many maps are unreliable in this respect. 
If the latitude has been determined by competent observers, well 
and good, it may be free from error, but the direct altitude observar 
tion upon the sun for latitude is so simple and the reduction so easy 
that every operator of a solar transit should make it a practice to 
accomplish direct observations on the sun for latitude on as many 
successive days as may be necessary to give a reliable determination 
of the true latitude of any unknown station. 

TEST. 

81. When the solar attachment has been put in good adjustment 
it is proper to test it frequently on a true meridian established by 
Polaris observation or other approved method. The test consists 
merely in determining a meridian with the solar and comparing 
this indication with the true meridian established by other reliable 
method. The test should be repeated in a. m. and p. m. hours at 
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frequent intervals, and the noon observation should most certainly 
be taken every day that the solar is used. 

The selection of the method of observation to establish the true 
meridian will be made by the surveyor, the facts relative to which 
are to appear in the final field notes, and the solar attachment may 
be considered in satisfactory adjustment when all meridional tests 
during the usual hours of solar work are found to come within V 3(K'' 
of the true meridian, whereupon the certificate of the surveyor's 
examination of the adjustments of his instrument will take the 
following form: 



Field record. 


Final field notes. 


Buff Solar Transit No. 8028. 
Snn's declination at Greenwich noon 
-6h68«na. m., localapp.t. -18* 32' 04" S. 
Dlfl. 10>», -382" - 6 22 8. 


Nov. 16, 1911, at mr station in Sec. 
35, T. 11 N., R. 6 E., 6th Prin. Mer., 
Arkansas, in latitude 35* 32.9^ N., as 
determined by the mean of altitude 
observations on the sun on Sept. 26 
and 29, 1911, heretofbre described, and 
longitude 90° 25' W.,I examine the ad- 
justments of the instrument and cor- 
rect all errors. I then test the solar 
apparatus by comparing its indications 
hourly with the true meridian estab- 
lished by Polaris observation Sept. 26, 
1911. heretofore described 


3»»58» p.m. - 18° 38' 26" 8. 
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solar which I find to agree with the 
true meridian. 
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At app. noon, with the lat. arc un- 
changed, I observe the sun on the 
meridian; the resulting reading of the 
decl. arc is 18° 34'.5 S., which agrees 
with the computed declination of the 
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At 3M)™ p. m., app.t. , with the lat. arc 
unchanged, I set off 18° 36' S. , on the 
decl. arc; and determine a meridian 
with the solar which I find to agree 
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the usual hours of solar work come 
within 1' 30" of the true meridian. I 
conclude that the adjustments of the 
instrument are satisfactory. 
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THE 80LAE COMPASS. 



82. The Burt solar compass, invented by William A. Burt, of 
Michigan, in 1836, was the first solar instrument, and since its intro- 
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duction the instrument has been extensively used in public-land 
surveying; the solar compass has given general satisfaction and is 
still used to some extent in the public-land surveys, but in recent 
years it has been largely superseded by the more complete instru- 
ment already described. The Burt solar apparatus is designed for 
mounting upon an open-sight compass, commonly used in the 
early public-land surveys. A polar axis is fitted in line with the 
terrestrial sights when the plate verniers are set at zero. The in- 
clination of the polar axis is controlled by a latitude arc mounted in 
the same vertical plane. Normal to the polar axis there is a revolv- 
ing arm upon which is moimted a declination arc and two solar lines 
of collimation, one for north declination of the sun, and one for south 
declination. Each line of collimation consists of a lens and silver 
plate or disk mounted upon opposite ends of the revolving arm; 
parallel equatorial lines are drawn upon each disk symmetrical with 
the axis of the opposite lens. Two adjustments are peculiar to the 
Burt solar compass, which are here given for the surveyor's reference 
in the field ; these adjustments should be made when the sun is within 
an hour of the meridian. 

(1) To make the solar lines of collimation parallel. — ^The declination 
arm will be detached and replaced by an auxiliary frame upon which 
the arm will be laid. Set the latitude and declination arcs approx- 
imately correct for the hour, date and station, and bring the sun's 
image upon either disk as in an orientation to the meridian. Now 
turn the arm over, without reversing from end to end, and see if the 
sun's image again comes between the equatorial lines; if not, adjust 
the disk for half the difference and repeat the test until satisfactory. 
When this has been accomplished, reverse the arm from end to end 
for the purpose of adjusting the second disk with respect to the 
opposite lens. Remove the auxiliary frame and attach the declinar 
tion arm in place. 

(2) To set the vernier of the decimation arc. — Set the declination 
vernier to read approximately zero, and bring the sim's image upon 
either disk as in an orientation to the meridian, changing the eleva- 
tion of the polar axis as may be necessary to bring the solar line of 
collimation upon the sun. With the sun's image accurately between 
the equatorial lines, clamp all other motions and reverse the declina- 
tion arm on the polar axis, thus bringing into use the second line 
of collimation. Note if the image of the sun is now squarely between 
the second pair of equatorial lines; if not, correct half the differ- 
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ence by movement of the tangent screw of the declination arc. 
Again orient in azimuth to bring the sun's image accurately between 
the equatorial lines, clamp and reverse as before, repeating the test 
until satisfactory. When the lines of coUimation have thus been 
made truly at right angles to the polar axis, the vernier may be shifted 
to read zero in this position. 

The general test of the Burt solar compass, by comparing its indica- 
tions, resulting from solar observations made dining a. m. and p. m. 
hours, with the true meridian determined by independent method, 
is similar to the test of the Smith solar attachment except in respect 
to the test of the latitude arc. No provision is made for independent 
adjustment of the latitude arc, and in the operation of the Bxirt 
solar compass the latitude is used bs given by the instrument resulting 
from a meridian observation on the sun. In this respect therefore 
the noon observation with the Burt solar compass differs from the 
noon observation with the Smith solar attachment. 

Example of noon observation with the Burt solar compass, in lati- 
tude 38^ 53^ 4(y' N., and longtitude 77^ 01. 6^ W.: 

"May 6, 1910: At this station I set off 16° 26^ N., on the decl. arc; 
and, at apparent noon, observe the sun on the meridian; the result- 
ing latitude is 38° 54^ N." 

ERRORS IN AZIMUTH, DUE TO SMALL ERRORS IN DECLINATION OR 

LATITUDE. 

83. It may frequently happen with a solar transit, especially at 
the beginning of a new survey or with an instrument insufficiently 
tested, that the first meridional trials are made with slight errors 
in the settings of the latitude and declination arcs, resulting in small 
errors in azimuth. This may be particularly true with a solar 
compass prior to a determination of the instrumental latitude. The 
correction of such errors has been provided for in Table 22, Standard 
Field Tables, which may be applied to results of single observations 
with considerable certainty, J^ut not so well to a series of observations 
as in ordinary line work owing to the changing values (for hours from 
noon) of the correction coefficients. The explanation with the table 
gives a key to the direction of the azimuth errors on account of small 
errors in setting the latitude and declination arcs. 

For example, at 9^40™ a. m., app. t., at a station in latitude assumed 
to be 46° 20^ N., a test was made with a solar transit whereby the trial 
indication was found to fall 0° 05^ west of the true meridian. Sub- 
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sequent detemdnations of the true latitude of the station and of the 
correctness of the vernier of the declination arc showed that the 
actual latitude of the station was 46° 2F.5 N., and that the vernier 
of the declination arc had an index error which gave readings 
0° (K/.b S. of the calculated declination (i. e. reading 15° 19^5 N. 
for a calculated declination of 15° 2(y N.). Thus in the test the 
latitude arc was set l^'.S S. of the correct latitude of the station, and 
the declination arc was actually set (K.5 N. of the value that would 
have been set had the index error been knoWn. 
Table 22 is entered to obtain the correction coefficients: 



l4ititude. 


Hours from noon. 




2h0m. 


2*»20™. 


3h0«». 


45' 00' 
46 21.5 
50 00 


2.83 


2.55 

2.62 
2.81 


2.00 




Declination coefB- 
cient. 


3.11 


2.20 


45 00 

46 21.5 
50 00 


2.45 


2.10 

2.16 
2.31 


1.41 


Latitude coefficient. 


2.69 


1.56 



The corrections are then applied as follows: 
Indication of solar in test =S. 0° Oy.O W. 
Correction for declination = 01 .3E.=(2.62X0.5) 
Correction for latitude = 03 .2E.=»(2.16X1.5) 




Corrected indication of solar=S. 0° 00^.5 W. 

The above corrections will often serve to explain the apparent 
errors of the solar, but these are not intended for use in line work, 
and can not be accepted in lieu of satisfactory subsequent tests 
based on correct values. 

In the above connection it should be explained that it is not 
deemed desirable to burden the official record with evidence of 
correction for index errors found in the verniers of the latitude and 
declination arcs, *other than to state, when such are determined, that 
the same are forthwith removed or are allowed for in subsequent 
observations. 

POLARIS AT ELONGATION. 

84. The surveyor having thoroughly considered the theory and 
use of the solar instrument in its relation to the public-land survejrs, 
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and presumably mastered its operation, his attention is now directed 
to the approved methods of observation to establish the true meridian 
with which to make comparisons of the indications of the solar 
apparatus as a necessary test of such an instrument, or without a 
solar instrument, the establishment of the true meridian from which 
to project transit lines and to test the calculated course thereof. 

Of the various independent methods of observation to establish 
the true meridian, the simplest and most reliable is found in the 
observation upon Polaris at eastern or western elongation. 

Azimuth of Polaris at elongation: 

cos 5 



Sin^= 



cos <t> 



Zenith 



Observing 
stotion 




•The meridian and vertical planes tangent ta the diurnal circle of Polaris as viewed 

from outside of the celestial sphere. 
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Example of computing the azimuth of Polaris at elongation, Octo- 
ber 20, 1910, in latitude 46** 20^ N., on which date the declination of 
Polarig=88*»49^48'^N.: 

log cos 8=8.310033 
" cos (^=9.839140 



" sin ^=8.470893 



-4= Azimuth of Polaris at elongation=l° 4y 4V^. 

85. A table of azimuths of Polaris at elongation for latitudes from 
2^ to 70° N., appears in the Ephemeris, arguments: declination of 
Polaris, and latitude of station. 

Example in the use of the table of azimuths of Polaris at elongation, 
same date and station as above, showing the method of interpolation: 



Latitude. 


Declination. 


88* 4^ 40" 


88* 4^ 48" 


88*» 49' 50". 


Azimuths at elongation. 


46*00' 

46 20 

47 00 


1* 41' 15" 
1 43 06 


1° 41' 04" 
1 41 42 
1 42 57 


1* 41' 01" 
1 42 54 



By interpolation in the table the required azimuth of Polaris 
at elongation is therefore found to be 1° 41*^ 42''''. 

86. An observation upon Polaris at elongation for azimuth con- 
sists in marking upon the ground a point to define the true line of 
sight to Polaris at the epoch of elongation, from which to lay off the 
true meridian. An equivalent process is to determine the true 
horizontal angle by deflection from a fixed reference point to Polaris 
at the epoch of elongation, by which to determine the true bearing 
of the reference point. 
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POLAmS AT ELONGATION, OBSERVINO PROOBAlf "a. 

87. Select the observing station and make suitable provision* to 
mark the line defining the direction of Polaris at elongation; the 
flag point should be from 5 to 10 chains N. of the transit point, and 
should be cleared of all obstruction before dark. Determine the 
local mean and watch time of elongation of Polaris, provide suitable 
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illumination for both the transit and flag point, and have every- 
thing in readiness as much as 16 minutes before the time of elonga- 
tion. 

Thorou^ly lev^ the transit. 

About six minutes b^ore elongation, with the telescope in direct 
position, bisect Polaris, note the watdi time, and mark the direction 
of sight. 

Reverse the transit, bisect Polaris, note the watch time, and mark 
the direction of si^t. 

Again level the transit. 

With the telescope in the reverse position bisect Polaris, note the 
watch time, and murk the direction of sig'ht. 

Reverse the transit to the direct position of the telescope, bisect 
Polaris, note the watch time, and mark the direction of sig^t. 

By daylight determine the mean (a) of the first and fourth sights, 
and (b) the mean of the second and third si^ts; then take the mean 
of points *'a'* and "h*' to define the true direction of Polaris 
at elongation. 

The mean of the four watch readings may be taken as the watch 
time of observation, which if within four or ^\e minutes of correct 
watdi time of elongation, the mean position of Polaris during the 
observation will be within V^ or 2^^ of true elongation. The proper 
value of the azimuth of Polaris at elongation having been taken from 
the table is then used to lay off the true meridian to the east for west- 
em elongation or to the west for eastern elongation. 

The above program practically eliminates instrumental errbre 
in observation. In laying off the azimuth of Polaris, the angle may 
be laid off directly, if desired, checked by the method of repetitions, 
and corrected if necesEHiry; or the azimutk an^e may hm laid off by 
the natural tangent method; this diould then be checked by reading 
the angle on the plates. 

Example^ of observation of Potaris at eloqgation, observing pro- 
gnask a: 

55465*— 19 ^T 
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Field record. 



Sept. 10, 1911, Or. E. E. 

of Polaris, lat. 40* 
Red. to long. Ill* iyw. 
Red.tolat.48*22'80"N. 



L. M. T. of E. E. of Polaris. 
Watdi slow of 1. m. t. 

Watdi time of E. E. 



-8'»17.0"p. m. 
. -1.2 
. +0.5 



>8>»16.3»p. m. 
. -1.7 



— 8»»14.6«p.m. 



Teleseope. 



Djnot..... 
Reversed. 
Reversed. 
Direct.... 



Mean. 



Watch Time. 



8h08B26*p. m. 
8 11 20 
8 14 84 
8 16 46 



8>>13>»46«p. m. 



Declination of Polaris- 88* \V 5i" N. 



Latitude. 



43* 00' 00" 

43 22 30 

44 00 00 



Declination. 



88*40'«y' 



88* 4^54 



tt 



88* 49' 60" 



Azimuth. 



1* 35' 57" 
1 37 33 



1* 35' 61" 
1 86 27 
1 37 27 



1* 35' 43" 
1 37 19 



Final field notes. 



Sept. 10, 1911, in camp at the 
standard eor. of Tps. 1 N., 
R8. 39 and. 40 E.. Boise Her., 
in latitude 43* 2^ 30" N., and 
l<Higitade 111* 45^ W., at 
8fc 16.3" p. m., 1. m. t., I 
observe Polaris at eastern 
elongi^on, making four ob- 
servations, two each with 
the telescope in direct a«d 
reversed positions, and mark 
the mean p<^t in the ii« e 
thus determined, on a peg 
driven firmly in the ground, 
5cbs.N. 

Aximnth of Polaris at eastern 
eloni;^tlon-l* 36' 27". 

Sept. U: I lay off the asimatli of 
Polaris, 1* 36' 30", to the west, 
and mark the meridiai;! thus 
determined, by a tack in a peg 
driven firmly in the itronnd> 
6 chs. N. 



The above program of obaervatipn of Polaris at elongation is the 
modt convenient method where these is an opportiinity to mark the 
direction of the line of sight. Occasionally conditions obtain where 
it 18 impossible to define or mark the direction <^ the obsenration; 
the program may then be altered to the reading of deflection angles 
as shown in the next method . 

POLABIS AT BLONOATION, OBSiaVIMO PBOQEAM "b." 

88. Select the observing station and mark a point by driving 
a tack in a peg driven firmly in the ground approximately in the 
true meridian as determined by the solar before sunset, or choose 
other suitable reference mark in. any direction. The reference 
point should not be nearer to the transit than 5 chains distant. Deter- 
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mine the local meim and watch time of elongation of Polaris, pro- 
vide suitable illimdnation for both the transit and flag point, and 
have everything in readiness as much as 10 minutes before the time 
of elongation. 

Thotoughly level the transit. 

About 6 minutes before elongation with the transit in direct 
position, read and note the deflection angle from the reference point 
to Polaits, noting also the watch time of observation. 
• Reverse the transit and read and note the d^ection angle from 
the reference point to Polaris, noting also the watch time of observa- 
tion. 

Again level the transit. 

With the transit in the reverse position again read and note the 
deflection angle from the reference point to Polaris and note the 
watch time of observation. 

Reverse the transit to the direct position and again read and note 
the deflection angle from the reference point to Polaris, and note 
the watch time of observation. 

As the position of Polaris remains within about 0® OCK OV^ of true 
elongation for a period of about five or six minutes either side of the 
time of exact elongation, the observation may be considered satis- 
factory if all of the watch readings fall within the stated period. 

The mean of the four horizontal deflection angles may be taken 
to which must be applied the value of the azimuth of Polaris at 
-^ongation taken from the table, to obtain the true bearing of the 
reference flag, from which the true meridian may be laid off, or the 
flag may be used as a reference point. 

A' reference point in any direction may be used in the above 
method; the direction of the deflection from the reference point to 
Polaris should always be clearly stated. The insignificant figures 
of the final result may be discarded if the value of the bearing angle 
does not enter into another determination that demands great pre- 
cision. In the example below the true meridian may be laid off by 
accurately measuring a distance froln the reference point, at right 
angles to the line of sight, found by multiplying the distance from 
the instrument to the reference point (660 ft.) by the tangent of the 
bearing angle (nat tan 0^ OO' 44''=0.00021) which gives 0.14 ft. 
After laying off the true meridian the angle from the reference point 
may he checked by the method of repetitions. 
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Example of observation of Polaris at elongation, observing pro- 
gram**6'': 



Field record. 


Final field notes. 


Apr. 1, 1911, Or. W. E. 

of Polaris, lat.40' 
Red. to long. 104* 39'W. 

" " lai 46^13' N. 

L. M. T. of W. E. of Po] 

Watch slow of L. M. T. 

Watch time of W. E 


— 6»» 46. 1« p. m. 

- - 1.1 

- - 1.0 


April 1, 1911, in oamp at the oor. 
of Tps. 5 and 6 N., Rs. 56 and 
57 E., Prin. Mer., Montana, 
in latitade46« 18' N., and longi- 
tude 104« 39* W., at eh fii?^ 
p. m., 1. m. t., I observe Polar- 
is at western elongation, mak- 
ing four observations, two each 
with the telesoope in direct 
and reversed posinons, reading 
the defleotioD angle from a tack 
in a peg driven firmly in the 
ground, 10 chs. N., west to 
Polaris: 

Azimuth of Po- 
laris at west- 


laris. »6i» 44.0Bp. m. 
- - 2.9 


— 6h 41.1"*p.m. 


Telesoope. 


Watch 
time. 


Defleotton 

angle. 


Direct ' 


6«»37«22i 
6 39 40 
6 43 14 
6 45 80 


!• 41' 00" 
1 40 80 
1 40 00 
1 40 80 


Revecsed 


em elonga- 


Reversed 


tion — 1*41' 14" 


Diiect 


Kean deflec- 




tion angle — 1 40 30 




6h 4im 26* 


1*40' 30" 




Mean r ^ 






True bearing of 
mark — N.O* 00* 44" W 


Declinatlanof Pdaris-88* 49^ 58" N. 






I>eclinati<m. 




Latitude. 


88* 49^50" 


88* 49^ 68" 


88* 49' 60" 






Admoth. 




46«00' 

46 13 

47 00 


1*41' 01" 
1 42 54 


1«40'50" 
1 41 14 
1 42 42 


1*40' 47" 
1 42 39 


4 



89. Both of the above observing programs require the surveyor to 
compute in advance the correct watch time of elongation, and in so 
conducting the observation the Tpinimum period is consumed in the 
observing program; every opportunity is also thus afforded for re- 
versals to eliminate instrumental errors and otherwise to introduce 
creditable refinement. However, should the watch error be unknown , 
the observation may be conducted by following the motion qf Polaris 
in azimuth during an ample period preceding elongation to insure 
that the epoch of the vertical motion of Polaris in its diurnal circle, 
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or zero motion in azimuth, is taking place, when the surveyor marks 
the direction of sight thuB defined. 

The rate of horizontal motion for the hour preceding elongation 
rapidly diminiflhes, the change in azimuth being to the west for 
western elongation, or to the east for eastern elongation, when Polaris 
will follow the vertical cross-wire, after which the motion is reversed 
at an accelerating rate. This suggests a third, but less refined, ob- 
serving program . 

POLARIS AT ELONGATION, OBSBBVmO PBOOBAH *'cJ* 

90. Select the observing station and make suitable provision to 
mark the line defining the direction of Polaris at elongation; provide 
suitable illimiination for. both the transit and fiag point, and have 
everything in readiness as much as an hour before the time of elonga- 
tion. 

Thoroughly level the transit. 

Bisect Polaris and note that the motion of the star carries it away, 
from the vertical wire in the proper direction. As long as this motion 
is discernible continue the bisection of Polaris by the tangent move- 
ment. When it can not be discerned in a period' of several minutes 
that the least lateral motion is taking place mark the direction of 
sight upon the ground. 

Reverse and level the transit. . 

Agfdn bisect Polaris and mark the direction of sight upon the. 
ground. 

Verify the position of Polaris in its diurnal circle by again bisectr 
ing the star and without changing the tangent motion note the mover 
ment of Polaris; the motion should still be nearly vertical, with a 
scarcely discernible movement in the opposite horizontal direction. 

By daylight determine the mean of the sights, and establish the^ 
meridian by properiy laying off the correct azimuth as described 
in observing program **a." 

AZIMUTH OF POLARIS AT ANT HOUR ANGLE. 

91. While no more reliable method is at the command of the sur- 
veyor for the establishment of the true meridian than the obs^va- 
tion upon Polaris at ekmgation,, yet the epoch of elongation may 
occur at a very inconvenient time and should Pilaris be obscured 
by clouds at the time of elongation the observation must fail. The- 
"hour angle'' method admits of observation upon Polaris for azi- 
muth at any time that the star is visible; th^ precise watch enoi 
local mean time must be known, but if this has been detennined, 
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the hour angle method becomes at once the most convenient. The 
X)088ible accuracy of the result compares favorably in every way 
with the retoement to be obtained in an observation at elongation. 

The determination of the watch error local mean time and the cal- 
culation of hour angles having been fully treated on previous pages, 
it remains only to state tiiat the record of the time observation should 
appear in the field notes with the record of all observations upon 
PolariB for azimuth by the hour angle method, as the azimuth 
observation is incomplete without the time determination. With 
the meridian observation of the sun for apparent noon, and the use 
of the azimuth tables contained in the Ephemeris, the entire process 
becomes so simple and yet so highly refined that the surveyor should 
early become thoroughly familiar with the -hour angle method. 

92. Azimuth of Polaris at any hour angle. — "i"=sidereal hour 
angle in angular measure; in hour angles exceeding 90^ the function 
"—sin cos i" becomes positive by virtue of the cosine of an angle 
between 90® and 270® being treated as negative in analytical reduc- 
tions: 

Tan ^=. ^— 

cos 4^ tan 5— sin ^ cos t 

Example of computing the azimuth of Polaris, February 23, 1911, 
at a mean time hour angle of 2^ 37 .4°^, in latitude 33^ 20^ K., on 
which date the declination of Polaris=«88® 50^ 08^' N.: 

Mean time hour angle =2W.4™ 

«2*»37™24« 2*> »30® 

37«« 9® 15' 
Bed. to sidereal hour angle= ° +26' 50* « 12^ 30^^ 

Sidereal hour angle =»2W»50» 1^ 39^27^80^^ 

log cos ^ » 9. 921940 log sin *«9. 739975 

•' tan« » 1.691944 " coet t 9. 887666 

" cos » tan a « 1. 613884 " sin ^ cos t »9. 627641 
nat cos <t> tan 5»41. 104 nat sin ^ cos ts" 0.424 
nat sin COB t« 0.424 (—) 

logsini «9.803127 

Algebraic sum «40. 680 " 40.680 « 1. 609381 

'"'**" " tan^ « 8. 193746 

Aaimuth of Polaris at above hour angle, -1—0® 53^ 42^' 
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98. A table of aziamths <^ Polarifl at all hour aoglee, for latiludee 
fiom 30® to 50® N., appean in the Ephemeris, aiguments: declixia- 
Uon of Polarifi, mean time hour angle, and latitude of station. For 
other than the latitudes giv^i in the table the surveyor will be 
required to solve the above equation. 

Example in the use of the table of azimuths of Polaris at any 
hour angle, same date, hour angle and station as above, showing 
the method of interpolation: 



Deoteatlon. 


LatltudD. 


srwo" 


88»5(K(»" 


88^50'10" 


32*0(K 


88* ay 


84*0(K 


Mean time hour angles. 


Azimuths of Polaris. 


2h 34.7- 
41.1 


2>» 35. 1« 
87.4 
41.5 


2k 35.2- 
41.6 


S2'.2 
54.0 


63M 
58.7 
54.9 


53'. 5 
55.3 



By interpolation in the table the required azimuth of Polaris is 
therefore found to be 0® 63^7-0® 53^ 42^^ 

M, Example of computing the azimuth of Polaris, Sept. 11, 1911, 
at a mean time hour angle of 7*^ 25.1™, in latitude 42^ 54^ N., <hi which 
date the declination of Polaris— 88*» 49^ 54'^ N.: 

Mean time hour angle «7»» 25.1» 7^ «ol05** 

— 7»>25»06* 26»» e^SC : 
Reduction to sidereal hour angle*... » -f I"* 13» 19*-« 4^46^^ 



Sidereal hour angle.... «7»» 26» 19- 



log cos ^ 
'' tan^ 

'' cos ^ tan 5 
nat cos ^ tan 3 

.'* sin ^ cos d 
Algebraic sum 



-9.864833 logsin<> 
>Le90496 '' cost 



it 



sin0 cos t 



.1. 555329 
i35. 919 nat sin i> cos f 
. ,250(+) logsint 
** 36.169 
'' tanil 



.11P34'45'' 

»9. 832969 
*»9. 568596 

=9. 398565 



.250 



:36. 169 



Azimuth of Po1^»ris at above hour angle, A 



-9.968441 
=«1. 558337 
—8.4101^ 

-l°28='2;?,'r; 
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96. Example in the use of the table of azinrathB of Polaris at any 
hour angle, same date, hour angle and station as above: 



Declination. 


Latitude. 


88* 40' 50" 


88«4y64" 


88*49' 60" 


42*00' 


42*54' 


44*00' 


Mean time hour angles. 


Admuthfi of Pc^aris. 


7b i5.7to 
29.3 


7fc 15.1- 
25.1 

28.8 


7h 14.2«» 
28.0 


88'. 6 
86. 6 


89'. 9 
88. 4 
87. 8 


91'. 6 
89. 4 



By interpolation in the table the required azimuth of Polaris is 
therefore found to be 88^4=1*» 28' 24'^ 

96. An observation upon Polaris for azimuth by the hour angle 
method consists in marking upon the ground a point to define ^e 
true line of sight to Polaris at any convenient epoch, the watch error 
local mean time being known, from which line to lay off the true 
meridian. An equivalent process is to determine the true hori- 
zontal angle by deflection from a fixed reference point to Polaris at 
any convenient epoch, the watch error local mean time being known, 
by which to determine the true bearing of the reference point. 



ti„ » 



HOUK ANGLE OBSEBYATION OF POLABIS, OBSERVIKQ PROGRAM "a 

97. Select the observing station and make suitable provision to 
mark the line defining the direction of Polaris; the flag point should 
be from 5 to 10 chains north of the transit point; provide suitable 
illumination for both the transit and flag point. 

Tlu»roughly level the transit. 
. With the telescope in the direct positkui, bisect Polaris, note the 
watch time, and mark the direction of sij^. 

Reverse the transit, bisect Polaris, note the watch time, and 
mark the direction of sight. 

Again level the transit. 
' With the telescope in the reverse position bisect Polaris, note the 
watch time, and mark the di]*ection of sigbt. 

Reverse the transit to the direct position of the telescope, bisect 
Polaris, note the watch time, and mark the direction of sight. 

By daylight determine the mean (a) of the first and fourth sights, 
and (6) of the second and third si^ts; then take the mean of 
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points "a" and "6" to define the true direction of Polaris at the 
epoch of the average of the watch times of observation. 

Treat the reduction as one observation, applying the watch error 
to the average watch time of observation to obtain the correct local 
mean time of observation. 

Enter the table in the Ephemeris or make the computation to 
determine the value of the azimuth of Polaris at the epoch of the 
observation with the stated argtunents: declination of Polaris, 
mean time hour angle and latitude; this value is then used to lay off 
the true meridian to the east if Polaris is observed west of the meri- 
dian or to the west if Polaris is observed east of the meridian. 

Example of hour angle observation of Polaris, observing program 



*'a": 



Field record. 



Meridian observation of the sun for apparent noon: 



0-37» 18' N. 
j« 4 36 8. 



^-4-«-41* 64' 

Sun's W. limb • ^ 
E. " 



11 



■P 



Watch time of app. noon 
App. noon — 12»» 00" 00" 

Equation of time— —11 25 

L. M« T. of apparent noon . 

Watchfastofl. m. t. 

Hour angle obser\^tion of Polaris: 



90»00' 
41 54 

P-48* 06' 

Watch Umc. 
-13h00«18» 

-13 02 26 

»12h01»22« 



a 48 35 
12«»»47« 



Telescope. 



Watch time. 



Direct 

Bifrersed. 

Reversed 

Direct 

Mean 

Watch ftot of 1. m. t 

L. M. T.of obsn 



5h 48« 40- p. 


m. 


5 


49 


49 




5 


51 


86 




5 


52 


54 




6h SO" 45" p. 


m. 


— 


12 


47 




6»» 


37-68-D 


> m. 


6»> 


38 


. 0» p 


. m. 



Final field notes. 



Oct. 5, 1910, in camp at the oor. 
of sees. 5, 6. 31, and 32, on the 
8. bdy. of T, 31 8., K. 42 W., 
6th Prin. Mer., Colo., in lati- 
tude 37* 17'.6 N., and longi- 
tude 102* 11' W., I ma]toa 
meridian observation of the 
sun fbr apparent noon: 

Watch time of obsn.-t2i> 01» 

Watch fast of 1. m. t.-12nt 47». 



At the same station, at 6>^ 83.0n 
p. m., 1. m. t., 1 make an hour 
angle observation on Polaris 
east of the meridian, n^^irinv 
four observations, two eacff 
with the telescope in direct 
and reveri^ed x)ositions. and 
mark the mean pobtt m the 
line thus determined, on a p^ 
driven firmly in the ground; 
8chs. N. 
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Field record, con. 



Gr. U. C. of Polaris, Oct. 6, 1910 -0^ 32.7'n a. m. 
Red. to long. 102* 11' W. - - 1.1 



L. M. T., U. C. of Polaris, Oct. 6- 0»» 31.6«a a. m. 

+12 
L. M. T. of obsn., Oct. 5 — 6 38.0 p. m. 



Hour angle of Polaris east of the 
meridian «> 6i'53.6» 

Declination of Polaris- 88» 49" 42* N. 



Declination. 



+88* 4^ 



^e* 



42* 



50* 



Mean time hour angles. 



6^51. 6<» 
61.5 


6»» 51.2«n 
53.6 
61.1 



59.6 



Latitude. 



36*00' 



37* 18' 



38*00' 



Azimuth of Polaris. 



84' 


.3 


85' 


.7 






85. 


6 


83. 


3 


84. 


8 



86'. 5 
85.6 



Final Held notes, oon. 



Watch time of obsn., mean of 
fourreadings— 5b 50b46*p.iii. 



Oct. 6, 1 lay oft the azimuth of 
Polaris, 1« 25' 30*, to the west, 
and mark the meridian thus 
determined, by a taokin a pc^ 
driven firnuy in the.ground, 
8 chs. N. 



BOUB ANGLK OBSBBVATION OF POLABIS, OBSXBYINO FSOOBAM "6." 

8S. S^ect the observing station and choose a suitable reference 
mar^ in any direction. The reference point should be at least 5 
chains distant. 

Thoroughly level the transit. 

With the telescope in the direct x>osition, read and note the hori- 
zontal angle from the reference point to Polaris, noting the watch 
tune at the moment Polaris is properly bisected. 

Reverse the transit and read and note the horizontal angle from 
the reference point to Polaris, noting the watch time at the moment 
Polaris is properly bisected. 
' Again level the transit. 

With the telescope in the reverse position again read and note the 
horizontal angle from the reference point to Polaris, noting the 
watch time at the moment Polaris is properly bisected. 

Beverse the transit to the direct position of the telescope and again 
read and note thehorizontal angle from the reference point to Polaris^ 
noting the watch time at the moment Polaris is properly bisected. 

Treat the reduction as one observation, applying the watch error 
to the average watch time of observation to obtain the correct local 
mean time of observation. 
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The mean of the lour horizontal deflection angles may be taken, 
to which must be applied the proper value of the azimutii of Polaris 
at the mean epoch of the observation, to give the true bearing of the 
rderence flag, from which the true meridian may be laid off, or 
the flag may be used for a reference point. 

Example of hour angle observation of Polaris, observing program 



Field record. 



Final field notes. 



Hodr angle obeervatton on Polaris: 



Telesooi>e. 



Direct 

Reversed.. 
Reversed.. 
Direct 



Horisontal angle 
from flag to 
Polaris. 



177* W 30" 
177 34 30 
177 84 00 
177 34 00 



in* 84' 16" 
75th mer. stand- 



Watch time. 



&k 22a 37« p. m. 
6 25 29 
6 28 17 
6 30 17 



«i» 26iB 40^ p. m. 



Mean.. 
Watch slow of 

ardtime + 1 22 

Correction for kngitiide — 8 6 

L.M. T.ofolwn.llar.21,mo- 6hl»n6» 



6^ 19. 9b p.m. 
Or. U. C. of Polaris, 

same date —l^SS.O^p. m. 

Bed. to long. 

77*W^W --0.9 - I 82.1 p.m. 



Hoar angle of Polaris west of 
the meridian — 4>» 47.8>a 



Declination of Polaris 



-88* 49* 41" N. 



Declination. 



88*49' 



40 



r/ 



41 



n 



50" 



Mean time hoar angles. 



4i»33.5" 
49lO 



33.7«« 

47.8 

49.2 



35. 0« 
50.8 



Latitode. 



38*00 



• KAt 



38*54 



40*00 



I I 



Asiinutha of PoBaila. 



83'. 6 
85.5 



84'. 7 
86.4 
86.6 



86'.0 
88.0 



March 21. 1910,at a transit point 
in Washhigtoii, D. C, in lati- 
tude 38*53^«^N.,and loM^ 
tude 77* 1'.6 W., I find by 
oomparison with a Western 
Union teleeraph clock that 
my watch u !■■ 22^ slow of 
75th meridian standard time. 

At the same station at 0>^ 19.9» 

E* m., L m. t.y I make an 
our angle observation on 
Polaris, west of the meridian, 
two each with the telescope 
in direct and reversed poa^ 
tions, reading the horizontal 
deflection angle from a flag 
pole about 20 chs. 8., in the 
direction S-W-N to Polaris. 

Watch time of obm.>-6^ 20* 
40>p. m. 

Mean norizontal angle 
from Polaris to 
flag -in*34'15"N-W-8 

AKimnth 

of Polaris- 1 96 24 W. 

True bear- 
ing of 

flag -N.lTO^OCaft^'W. 
-8. 0*59'21"W. 
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POLARIS AT SUNSET OR SUNRISE. 

99. Polaris is conveniently observed for azimuth by the hour 
angle method at sunset or sunrise without artificial illumination. 
The preparation for the observation consists in computing in advance 
the approximate settings in azimuth and altitude in order to £bid 
Polaris, and the plan contemplates an approximate reference 
meridian: With the time of sunset' or sunrise assumed as the time of 
observation, the hour angle **t" and azimuth *' J." are ascertained 
in order to find the position of Polaris in azimuth; the position in 
altitude is found by the following approximation, the positive edgn 
being used for hour angles less than 6 hours and the negative sign 
for hour angles exceeding 6 hours: 

v?^^dr70^ cos t 

Example of computation of the position of Polaris at sunset, May 
6, 1911, at a station in latitude 47^ 2^ N., and longitude 102*»4(K W. : 

From the Ephemeris the declination of the sun is found to be 
16** 18'' N., and by entering Table 17, of the Standard Field Tables, 
the apparent time of sunset is found to be 7*" 15" p. m. 

Assumed time of obsn., May 6, 1911 = 7^ 15™ p. m. 

Gr. U. . of Polaris, May 6 = 10»^ 33. 5» a. m. -fl2 

Red. to long. 102^ 4(K W. -1. 1 ==10 32. 4 a. m, 

Assumed hour angle of Po- 
laris west of the meridian = 8** 42. 6" 
Hour angle, angular measure =. 130** 39' 
Azimuth of Polaris, W. ?^ 1** 17' 

Latitude of station =47° 20' ==«== 

70' cos ^=70 cos 130** 39' = 46(-) 



V5^46° 34' 



Example of computation of the position of Polaris at sunset, Nov. 
6, 1911, at a station in latitude 47° 20^ N., and longitude 102° 40^ W. : 

From the Ephemeris the declination of the sun is found to be 
16° 44' S., and by entering Table 17, of the Standard Field Tables, 
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the apparent time of sunrise is fcund^io he 7i jL^^ ». 3».;«C <tf Jjftnset 
4* 48* p. m. 

Gr. U. C. of Polaris, Nov. 6, 1911 =«10»» 28. 2« p. m. 

Red. to long. 102*» 4(K W. « -1. 1 



L. M. T. of U. C. of Polaris 
Assumed time of obsers^ation 



==10»» 27. 1» p. m. 
= 4 48 p. m. 



Assumed hour angle of Polaris east of the meridian= 6** 89. 1' 
Hour angle, angular measure =84® 46^ 

Azimuth of Polaris, E. ^ 1** 43' 

Latitude of station =47** 2(/ = 

7(K cos f =70 cos 84<» 46' = 06 (+) 



v^47*» 26^ 



Example of computation of the position of Polaris at sunrise, 
November 7, 1911, and same station as above: 

r 7** 12» a. m. 
l-fl2 



Assumed time of obsn., Nov. 7, 1911 



I.. M. T. of U. C. of Polaris, Nov. 6 



= 10 27.1p.m. 



Assumed hour angle of Polaris west of the meridian = 
Hour angle, angular measure = 

Azimuth of Polaris, W. ^ 

Latitude of station =47*^20^ 
7(K cos <=70 cos 131°14'« 46(-) 

i)?^46**34^ 




Thus at the above station in latitude 47® 20^ N., and longitude 
102® 40^ W., to observe Polaris by the daylight method an aj^oxi- 
mate meridian should be established with the solar before sunset, 
then to find Polaris the follo:wing angles are set off: 



Simset May 6, 1911.. 
8aii8etNov.6,1911. 
Sunrise Nov. 7, 1911 



Ilorisontal 
angle. 



v\r W. 

1*43' E. 
1*16' W. 



Vertloal 
angle. 



46*34' 
AT W 
4ft* 34' 
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■ Tbe.aJ>9y^ 'JiprfiiTi^'Jarei^iJi^elyiapproxin^ but suffidently 

cloBh, lio^eV6r," fo'brtEfg* Polaris Reasonably near the center <rf the 
field ol the tdescope where the star will be found in plain view; 
the telescope should be focused upon a distant object, otherwise, 
though Polaris may be practically at the center of the field, it might 
be out of focus and therefore not observable during daylight. When 
Polaris has been foimd the above settings have answered their 
purpose and the observation may proceed in accordance with either 
observing program "a" or "6" of the hour angle method, the final 
reductions to be based upon the precise details of the observation. 
During the reversals of the transit the settings should be made each 
time. The daylight hour angle method is i>articularly desirable be- 
cause the observation, including all instrumental work, mstr^nng of 
points upon the ground, etc., is accomplished without artificial illu- 
mination, and sunset is usually a convenient time to devote to this 
field duty. 

To recapitulate, the following general program will be foimd best 
adapted to the requirements of public-land surveying practice, and 
will be used most extensively: 

Time: By meridian observation of the sun for apparent noon. 

Ls^tude: By meridian altitude observation of the sun. 

Azimuth, true meridian upon which to test the solar apparatus: 
By hour angle observation on Polaris at simset. 

Azimuth, on line: By the solar transit properly adjusted to the 
true meridian. 

ALTFTUDB OB8BBVATIOK OP THE SUN FOR AZIMUTH. 

100, While the methods of observation upon Polaris for azimuth 
are imquestionably the most desirable in their relation to the theory 
and practice of public-land surveying, yet a very ^dent alternative 
is found in direct altitude observations upon the sim for azimuth, 
with a number of equations at the di^K)eal of the surveyor to suit his 
convenience. Diuing the shorter days of the year and even quite 
often at any season the surveyor finds himself at a loss for time and 
suitable daylight hours in which to make the required tests of his 
solar attachment; conditions obtain making the required tests 
impossible if limited to a Polaris meridian in camp, without involv- 
ing. UBTeasonable delay. It is in such cases that a direct altitude 
observation upon the sun for azimuth, on the actual line of the 
survey, finds its most useful application. Presuming the smveyor 
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..at .work with a standard instrament with adbr attachment, the 
accuracy of its adjustments can, by this method, be readily tested 
at work on line at any suitable mcnming or afternoon hour, without 
appreciable loss of time. Under working conditions any line deter- 
mined with the solar attachment may be used for reference pur- 
poses, while vertical and horizontal angles are recorded to the sun 
to obtain the necessary data for computing the true bearing of the 
established sdar Hne. A series of three altitude observations mpon 
the sun, each with the telescope in direct and reversed positions, 
are required to guard against error; these are readily made in 10 
or 12 minutes, while the reductions may be made in the evening 
without loss of time from the line work. 

Other difficulties in the nature of temp<»rary disability of the solar 
attachment, and clondy nights preventing Polaris observations, 
or other adverse conditions may sometimes obtam, during which 
periods, even for a few days, if the surveyor is familiar* with the 
method of direct altitude observation ujxm the sun for meridian, 
he can thus establish his lines and possibly realize a saving of the 
entire time of his party until the trouble is removed. To the sur- 
veyors who have used this method little more needs to be said in its 
favor, but to those unfamiliar with it the suggestion ia made to 
practice the observations and reductions until proficiency is attained, 
and in its application the reward will come many times during an 
average season's work. 

Referring to the description of the standard instrument adopted 
by the Creneral Land Office it will be noted that it is equipped with 
a full vertical drcle, a colored glass shade in the dust shutter of 
the eye-piece, and a prismatic eye-piece; these are essential to rapid 
and accurate altitude observations upon the sun. 

101* An altitude observation of the sun for azimuth consists in 
the simultaneous determination of the true vertical and horizontal 
angles to the sun's center, th^ horizontal angle being referred to a 
fixed point. With the true vertical angle to the sun's center, the 
declinatbn of the sun, and the latitude of the station all known, one 
of the following equations is entered and a calculation made of the 
azimuth ol the sun's center at the epoch <^ observation, as referred 
to the true meridian; the relation between the sun's calculated 
azifituth and the tecotded angle to the sun^ center gives the tme 
bearii^ ci the fixed ref^ence x)oint. 
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1(^. AUitude ob$ervaiicn of the sun for (mmuth. — Revene the sigiie 
of ' ^ < " f or south declinati(HiB: 

Tfljii^= / cos i (f 4- 0-hg) sm j (r-h j^ 
* V cos i 0-^-5) sin i a-^-f5) 

The spherical angles '*{*", *'^", and "5** appear in this equation 
combined as in the formula for the reduction of an altitude observa- 
tion of the Sim for apparent time, and when it ia denred to reduce 
f <^ both time and azimuth, the above equation for azimuth is to be 
preferred to any that follow. 

IWm AUUudeobservaHcnofihemnforamniUh, — ^For south dedui- 
ations the function ''sin 6 '' beccmieB negative by virtue of the sine 
of a n^ative angle being treated as n^;ative in anadytioal reduc- 
tions: If the algebraic mg;n. of the result is positive the azimuth *^A^* 
is referred to the north point, but if n^ative, the azimuth '' jl*' Is 
referred to the south point: 

^ . sin d ^ ^ , 

^^ ^=cos^cos;r*^ ^ *^^ ^ 

The above equation is very convenient in reducing for azimuth 
only. 

104, Altitude observation of the sun for azimuth. — ^To many sur- 
veyors the following equation is familiarly expressed directly in 
terms of the spherical triangle "pole-zenith-sun: '* Reverse the sign 
of " 8 " for south declinations : 

Pole to zenith =90°—^= colat.; 
Pole to sun =90**— 5=» codecl.; 
Zenith to sun =90**— ft = coalt. ; 
>S=i sum of the three sides: 



r \ A— Mq ^ sin (<5— codecl.) 
V sin colat. sin coalt. 

OBSEKVINQ PBOOBAM, MOBNING. 

105* Thoroughly level the transit. 

With the telescope in direct {xiaition observe and record the hori- 
zontal deflection angle frcHU a fixed reference point to the sun's right 
Hmb, and the vertical angle to the sun's upper limb; these observa- 
tions must be simultaneous, at the epoch of which the sun will ai^>ear 
as indicated; note the watch time at the epoch of the observation:. ^ 

Reverse the transit. 
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Observe and record the faorieontel deAection angle from the fixed 
releffence point to 1^ mm't left limbi and tke vertical angle to the 
sun's lower limb; these observations must be simultaneous, at the 
epoch of which the sun wiU appear as indicated; note the watch 

time at the ^poch of the observation: -p 

The mean observed vertical and horizontal angles^ and the mean 
watch time ate to be used in the feduotion; this program constitutes 
one Qoaxpki^ altitude obswYiftioi^ which is r^aeated until a series 
oi three coiaplete direct and leveraed observatiens are made. 

oBSsavma pboosam, AnsBNooN. 

106* In the afternoon the program ia modified only as to the order 
in whidi the sun's limbs are obaeryed, which is as follows: 
First observation, telescope direct, observe the sun's right and 

lower limbs: ^ 

* Second observation, telescope reversed, observe the sun's left and 

upper limbs: -fc 

107* By the above observing prograijos the horizontal and ver- 
tical angles in ihe direct positicms <^ the telescope will be found of 
about the same numerical values as in the reversed position of the 
trtescope, by reason of the sun passing in a direction that will carry 
it across ^e field of the telescope during the time tsiken in the re- 
versal and second setting. Differential refraction is therefore prac- 
tically eliminated, and it is desirable that the corresponding angles 
in the direct and reversed positions of the telescope be about the 
same rather than as far apart as would result in any other observing 
program. 

The most suitable hour for this observation is when the sun is 
moving rapidly in altitude as compered with, a relatively small 
change in azimuth. When tlye am has been l^rpught ioito about the 
proper position in t)ie field of tlve telescope the, observer by lateral 
motion of the h(»rizcmtal tcmg^t screw on the plates keeps the vertical 
wire tangent to the sun's right or left limb wblle the upper or lower 
limb of the sun by the direction of its mofi(!m gradually approaches 
the horizontal wire; at the epoch of proper tang^icy of the two limbs 
to the two wires the observation is completed by calling "time " and 
stopping all motion until the an^es are recorded. It is very helpful 
for an assistant to read the time and to enter all records. 

55465^—19 8 
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108. Example of direct altitude observation of the sun for azi- 
muth, sun ncMTth declination, and both north and south of an east 
and west line: 

Final field note$, 

Aug. 2, 1909, at the cor. of Tps. 31 and 32 S., Rs. 43 and 44 W., 
6th Prin. Mer., Colo., in latitude 37^ 17^6 N., and longitude 102** 
IS'.e W., at 7h 30m. a. m., app. t., I set off 37<* 17^ 80^^ N., on the 14t. 
arc; 17^ 52^ N., on the decl. arc; and determine a meridian with the 
solar, whence I turn 90^ to the east and set a flag, about 20 chs. 
dist. ; then to test this indication of the solar I make a series of three 
altitude observations of the sun for azimuth, each with the telescope 
in direct and reversed positions, observing opposite limbs of the sun, 
and reading the horizontal deflection angles from the flag to the sun: 



Obser- 
vation. 


Tetofloope. 


Smu 


Watohtime. 


Vertical 
angle. 


HoriKontal angle 
from flai; to sun. 


1st 


Dlreet 

Reversed... 

Mean.. 

Direct 

Bevened... 

Ifoan.. 


d- 
-f 


7k86B54« 
7 38 15 


30*06' 
39 48 


0* 06' 30" to N. 
38 00 " " 






29* 66' 30" 


0* 20' 45" to N. 




d- 
-P 


7»»4i«ao» 

7 43 00 




2nd 

14 


30* 58' 00" 
30 46 80 


0*82' 00" to 8. 
12 80 " " 






80» 52' 15" 


0* TSr 15" to S. 




Direet 

• 

Reversed... 
Mean.. 


cf- 

p 


7k62"»00« 
7 53 48 




3rd 


33* 05^ 00" 
32 53 30 


2* 11' 00", to 8. 
1 50 00 " " 




7h 52in 54* 


32* 50' 15" 


2* 00' 30" to 8. 











By Ist obsn. fli^ bears N. 89^ 58^ 57^^ E. 
By 2nd obsn. flag bears N. 89 58 26 E. 
By 3rd obsn. flag bears N. 89 68 88 E. 

Mean true bearing of flag N. SO"" 58^ 40^^ E. 
Indicated ecror of solar 
attachment V W 



Field record. 

The declination of the sun for the mean period of the three obser- 
vationB=17^ 51^ 04^^ N. 
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The following reductions are made to obtain the true vertical 
angles of the above observations: 

Ist obsn. 2nd obsn. 3rd obsn. 

V =-29** 56' 3(K' 30** 52^15'' 32*» 59^ 15^' 
Refraction = -1 40 -1 36 -1 28 

Parallax = + 8 +8 -f 8 



=29** 54' 58'' 30** 60' 47" 32** 57' 55" 



The following examples of reduction are all by the equation: 

Cos A» 7 r —tan tan h 

cos^cos A ^ 

log cos ^»9. 900674 log sin 8»9. 486493(+) log tan ^»9. 881708 

' " cos ^==9. 937897 *' tan *=9. 759970 

9.838571 9.838571 log 9.641678 

log 9.047922 nat(-) .43821 
nat (+) .44455 
(-) .43821 

cos -4-(+) . 00634 
-4-True bearing of sun »N. 89^ 38' 12" E. 
Angle from sun to flag «(+)0 20 45 

True bearing of flag =N. 89*» 58' 57" E. 



log cos 0=9. 900674 log sin 5=9. 486493(+) logtan0=9. 881706 
•' cos A-9. 933763 ** tan A=9. 776132 



9.834437 9.834437 log 9.657840 

log 9.652056 nat(~) .45482 

nat(+). 44880 (+) .44880 



cos-4=(--) .00602 
-4— True bearing of sun «S. 89^ 39' 19" E. 
Angle from sun to flag =(+)0 22 15 

True bearing of flag =8. 90** 01' 34" E. 

=N. 89*» 58' 26" E. 
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log COS ^»9. 900674 log sin i»9. 486493(-f ) log tan ^»9. 8S17QS 
'* coa A-9. 923762 " tan *-9. 811941 



9.824436 9.824436 log 9.693649 

log 9. 662057 nat (~) .49391 

nat (+) . 45926 (+) . 45926 

C08^=»(--) .03465 
^=True bearing of sun =8. 88** OO' 52^' E. 
Angle from sun to flag =(+)2 00 30 

True bearing of flag •"S. 90^ OV 22^^ E. 

»N. 89^ 58^ 38^^ E. 

The particular convenience of the above equation is noted in the 

fact that the functions "cos 0", **tan ^", and **sin 5" are constant 

throughout the entire reduction, the fimction *'h^^ being the only 

variable. 

109. The third of the above series is sdected for an example of 

reduction by the equation: 

Coe i ^ /ring sin (a-codecl.) 
V Sin colat. sin coalt. 

9O**-0=n9O**-37° 17' 30^' =52^ 42' 30^'=colat. 
90°- 6=90^-17** 51' 04''(+) =72 08 56 =codecl. 
90^-^=90^-32^ 57' 55" =57 02 05 =coalt. 

2 iS— 181^ 6r 81" 



S^ 90^ 56' 45" 
coded. =90° -5= 72 08 56 



/S'-codecl.= 18^ 47' 49" 
log BmS = 9. 999941 

" Bin (5'- coded. )= 9.508146 

** Bin colat. =9.900674 9.508087 

*' sin coalt. =9.923762 



9. 824436 9. 824436 



*' coa^iA = 9.683651 

*' cos i^ = 9.841825 

iA = 45^ 59' 35" 

^=True bearing of sun =N. 91** 59' 10" E. 

Angle from sun to flag =(-)2 00 30 

True bearing of flag =N. 89° 58' 40^' E. 
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The i^ve equation is as good as any for the reduction of one obser- 
vation, but the reduction becomes laborious for a series of three 
observations. 

110* The third of the above series is also selected for an example 
of reduction by the equation: 



^ cos i (r- 

^- 32^ 57' 55^^ 


-<^+5) sii 
•^—6) si] 

r- 

i(r- 

r- 

J(f- 

999941 
508152 

508093 


1 i (f +<>-«) 


f = 57*» 02' 05" 
0- 37 17 30 


r«57° 02' 05" 
^=37 17 30 


f +,/,= 94^ 19^ 35" 
«x3 17 51 04 (+) 

f-|-0+5=-112<» lO' 39" 
i(r+«^+«)=« 56° 05' 20" 


f-0«19'^ 44' 35" 
5=17 51 04 (+) 

-<^+5=37*» 35' 39" 
■<^+5)=18°47'50" 


^^^^ 94° 19^ 35" 
«=. 17 51 04 (+) 

f _|-0-.5=, 760 28' 31" 
i(r+0-«)= 38*» 14' 15" 


f-0^19*» 44' 35" 
5=17 51 04 (+) 

-<^-a= 1° 53' 31" 
.0-5)= 0°66'45" 


log cos Kr+^«)- 

" sin Kr+0-«)= 


9. 746561 
9. 791636 


" cosKr-0-«)=9.^ 
** sin Kf-^+«)=9. 

9. 


9. 588197 
9.508093 


log tan ' 
" tan 




0. 030104 
0. 015052 



}^= 45° 59' 34" 
^=True bearing of sun =N. 91° 59' 08" E. 
Angle from sun to flag=(-)2 00 30 

True bearing of flag =N. 89° 58' 88" E. 
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111. The above equation is as good as any for the leduction of one 
observation, but the reduction becomes laborious for a series of three 
observations. However, the advantage in using the above equatiim 
is found when it becomes desirable to reduoe the observations for 
both time and azimuth. 

Let it be required to reduce the third observation of the above 
series for time, making the reduction by the following equation: 

m^„i. / sin Kr+0-g) sin Kf-0+g") 
lan i t Ycos i(r+0+5) cos Kf-^^-a) 



log sin i(f +</»-5)= 9. 791636 

sin i(r-<^+5)= 9.508152 



ii 



9. 299788 






cos i(r+«^+5)=9. 746561 
cos J(f-«^-5)=9. 999941 



9. 746602 9. 746502 



" tan^J/ = 9.553286 

** tan i< = 9.776643 



it =x30<»52^34^' 



t xa61** 45^ 08'^=4»» 07« 01* 



Appar^it time of observation «s7* 52"» 59* a. m. 
Equation of time == +6 05 

Local mean time of observation =7** 59^ 04" a. m. 
Watch time of observation »7 52 54 



Watch slow of 1. m. t. = 6» 10» 

112. Example of direct altitude observation of the sim for azimuth, 
sun south declination: 

Final field notes, 

March 18, 1910, at a transit point in Washington, B.C., in latitude 
38*^ 53^ 40^^ N., and longitude 77° 01^6 W., at3^42=» p. m., app. t., I 
make a series of three altitude observations upon the sim for azimuth, 
each with the telescope in direct and reversed positions, observing 
opposite limbs of the sun, and reading the horizontal deflection 
angle from a flag pole about 20 chs. to the S., SW. to the sun: 
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Obser- 
vation. 


Telescope. 


Son. 


Watch 
time. 


Vertical 
angle. 


r 

Horisontal angle flag 
to sun. 


1st 


Direct 

Reversed 

Mean. 

Direct 

Beversed.... 

Mean. 

Direct 

Reversed.... 

Mean . 


-b 


3i'66a68> 
3 68 48 


26' 20' 
26 31 


• 
65» 00' to SW. 

64 46 " " 




3h 67ai 63. 


26* 28' 30" 


64* 62' 30" " " 




-h 




2ncL... 
it 


4h oiB 48i 
4 03 10 


24»28' 
24 44 


66«66' " " 
66 36 '* " 






24* 36' 00" 


66* 46' 00" " " 


8rd 

if 

» • • 


4- 
4? 


4h06B68> 
4 07 30 


23' 44' 
23 57 


66M4' " " 
66 26 






23* 60' 30" 


66* 36' 00" " " 











By Ist obsn. flag bears S. 1^ 00^ 02^^ W. 
" 2nd " " " S. 1 00 20 W. 
*' 3rd *' " '' S. 59 50 W. 



Mean true bearing of flag«S. 1** 00^ (H'' W. 



Field record. 

The dedination of the sun for the mean period of the three obser- 
vationfl-l<> 02^ W^ S. 

The following reductions are made to obtain the true vertical 
angles of the above observations: 

Ist obsn. 2nd obsn. 3rd obsn. 
t;«25*» 25' 30^' 24*> 36' OO'' 23^ 50^ 30^' 
Refraction— -2 00 -2 06 -2 10 

ParaIlaJt= +08 +08 +08 



^=25*» 23' 38" 24** 34' 02" 23^ 48' 28" 
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118. Th9 first of the above series is selected for an example of 
reduction by the equation: 



Tan 4^- / cob Kf +»+g) sin K^-f ^-g) 
* V COB }(r-^-«) sin }(f -^+«) 
A= 26^ 23' 38'^ 



r- 64° 36' 22'' 
<^= 38 53 40 

r+<^=103° SC 02" 
5« 1 02 16 (-) 



^+^+5 =.102° 27' 46" 
i(r+^+«)= 51° 13^ 63" 



f =64° 36' 22" 
<^<=38 53 40 

^-0=25° 42' 42" 
5= 1 02 16 ( 

f-<^+5=24° 40' 26" 
J(f-«^+«)=12'* 20' 13" 



-) 



f 4-«^=103° 30' 02" 
«« 1 02 16 (-) 

^+<t>-8 =104° 32' 18" 
j(f+^_5)= 520 16' 09" 



J(r- 



r-^=25° 42' 42" 
5= 1 02 16 ( 

-<^-5=26° 44' 68" 
<^-«)=13° 22' 29" 



-) 



log cos J(i'+^+«)= 
" sinia+^-5)= 



9. 796697 
9. 898118 

9. 694815 



<( 



cos J(r-0-5)=9. 988058 
** 'sin i(f-</'+«)=9- 329724 



9. 317782 



log tan* iA = 
** tan M = 



9. 317782 

0. 377033 
0. 188516 



iA =67° 03' 44" 
^=True bearing of sun=N. 114° 07' 28" W. 
Angle from sun to flag= (+)64 52 30 



True bearing of flag=:N. 178° 59' 58" W. 

=S. 1° 00' 02" W. 
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114* Let it also be requited to reduce the first observatioa of the 
above series for time, making the reduction by the foUowing equa- 
tion: 

T„ni/„ / ainKr-h0-g)8ini(r-<»-fg) 
^"^ * ' V cos i(r+<^+«) cos i(f -^-«) 
log sin J(r+0-«)- 9. 898118 

** sini(r-0+«)- 9. 3297^ 



'* coeJ(r+0+«)- 9.796697 
** coeJ(r-^-*)- 9.988058 



9. 227842 



9. 784765 9. 784755 



logtan>it-i 9.443087 

"tan it- 9.721544 

i <=«27^ 46^ 29^^ =^ 

t=55^ 32^ 58^^=3»» 42« 12« 

Apparent time of obsn. -s3*^ 42" 12* p. m. 

Equation of time »» +8 17 

Local mean time ol obsn. =3^ 50™ 29' p. m. 
Watch time of obsn* =3 57 53 



Watch fast of 1. m. t. — 7™ 24« 



75th meridian time of comparison with a Western » 

Union telegraph clock =4** 30" 00* p. m. 
Correction for longitude = —08 06 

L. M. T. of comparison =4 21 54 
Watch time of compari8on= 4 29 20 
Watch fast of 1. m. t « 7'» 26' 

115. The second observation of the above series is selected for an 
example of reduction by the equation: 

Cos -4= r^tan <t> tan h 

cos <l> cos h 

log cot <^^9. 891149 log sin a<*8. 257958 (-) log tan ^»9. 906733 
** cos A «9. 958790 " tan A -9. 660053 

9.849939 9. 849939 log 9.566786 

log 8.408019 nat(-) .36880 

nat(-) .02559 (-) .0255 9 

cos^=(-) .39439 
^=.True bearing of sun «.S. 66®46^20'^W. 
Angle from sun to flag» (~)65 46 00 
True bearing of flag ^-S. 1^ 00^ 20^^ W. 
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116. The third obeorvation of the above aeries jb selected iat an 
example of reduction by the equation: 

Goe i ^ /«mg«in(g-codecl.) 
V Sin colat. am coalt. 

90*» -0*59O*» -38*» 53^ 4(K^ - 61** 06^ 2(K'«colat. 
90«-«=90°- 1 02 16 (-)- 91 02 16 «codecl. 
90*>-*«90^-23 48 28 = 66 11 32 -coalt. 



2 S«208*» 20^ 08^^ 

S=104« 10^ 04^^ 
coded. =90*=* -5- 91 02 16 



)S-codecl.= 13^07M8'^ 
log sin iS >= 9. 986585 

'• sin (^-codecl.) » 9.356334 

9. 342919 
" sin colat =^.9. 891149 

" sin coalt. =9.961376 



9.852525 9.852525 



logcoa^i^" 9.490394 

" cos M = 9. 745197 

M = 66<> 12^ 35^^ 

^=True bearing of sun « N. 112<> 25^ 10^^ W. 

Angle from sun to flag = (+) 66 35 00 

True bearing of flag =» N. 179*» 00^ lO'^ W. 

= S. 0*»59^60^^W. 



EQUAL ALTnUDE OBSEBVATIONS OF THE SUN FOB MEBIDIAN. 

117. The true meridian may be established by the method of 
equal altitude observations of the sun. The observation is not well 
adapted to line work, but it possesses a certain usefulness in camp, 
in tiiat the surveyor may thus determine the true meridian by the 
sun with mere approximations as to time and latitude. 

The fixation of the true meridian by this method depends upon 
the theory that the fun's center at equal altitudes occupies sym- 
metrical positions in azimuth east and west of the meridian in 
the morning and in the afternoon except for the correction neces- 
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sary to be applied due to the change in the sun's declination in 
the interval between the a. m. and p. m. observations: 

"dAi " : Correction in admuth in minutes of angular measure to be 
affiled to the mean position in azimuth to obtain the true south 
point; the correctioii is to be applied to the east with a north^Iy 
hourly change in declination, or to the west with a southerly hourly 
change. 

**dd ** : Change in declination of the sun from the a. m. to the p. m. 
observation, expressed in minutes of angular measure. 

"(tj+tj)"' 1^© sum of the hour angles from apparent noon, or the 
total watdi time from the a. m. to the p. m. observation, expressed 
in angular measure. 

"^*""coe0sin4(ti+f3) 

The symmetry of the equal altitude observation is maintained 
by observing opposite limbs in azimuth in the a. m. and p. m. 
observations, in connection with the same limb in vertical angle 
in both observations. 

With ''id»'' and ''Hh+t^" calculated, the computation can be 
concluded by applying to "^ '' the declination coefficient obtained 
by entering Table 22 of the Standard Field Tables, which gives 
coefficients for computing errors in azimuth due to small errors in 
declination, arguments: ''^'' and ''K^+^).'' 

118. An equal altitude observation of the sun for azimuth consists 
in reading the horizontal deflection angles from a fixed reference 
point to opposite right or left limbs of the sun in a. m. and p. m. 
observations simultaneously with the same uppw or lower limb 
at the epoch of equal vertical angle in both observations, from the 
record of which a calculation is made of the bearing of the reference 
point as referred to the true meridian. To guard against error the 
surveyor is required to make a series of three equal altitude obser^ 
vataons, taking the resulting mean. The most suitable a. m. and 
p. m. hours for this observation obtain when the sun is moving 
rapidly in altitude as compared with a relatively small change in 
azimuth. 

EQViX ALTITUDB OB8BBYATION8 OT THB SUN, OB8EBVINO PEOOEAH. 

119. Select the observing station, or transit point, and a reference 
point preferably to the isouth, and not nearer than 5 or 10 chains 
distant. 
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Thoroughly level the transit lor the a. m. observation. 

Observe and record the horizontal deflection angle from the fixed 
reference point to the sun's right limb, and the vertical angle to the 
sun's lower limb; these observations must be simultaneous, at the 
epoch of which the sun will appear as indicated; note the watdi 

time at the epoch of the observation: ^- 

Thoroughly level the transit for the p. m. observation. 

With the same vertical angle set off for the p. m. observation follow 
the sun's left limb until the sun's lower limb becomes tangent, as 
indicated, recording the watch time and horizontal d^ection angle 

from the reference point: -p 

The above program constitutes one observation. A series of three 
observations are taken by three successive a. m. settings at intervals 
of about four or five minutes of time. In t^e p. m. the settings are 
of course made in the inverse order. 

Consider each equal altitude observation separatdy and subtract 
the lesser horizontal angle from the greater and divide by two. 

"Die mean of the three half-differences is then taken to det^mine 
the horizontal angle from the reference point to an uncorrected south 
point, this angle to be applied in a direction to equalize the south 
point between the two observed positions of the sun. 

Compute the differential azimuth correction due to the change in 
ihe sun's declination from the mean period of the a. m. to the mean 
period of the p. m. observations, and apply this angle to the mean 
of the half-differences as stated above; the differential azimuth cor- 
rection is to be applied to the east when the hourly change in the 
sun's declination is northerly or to the west when the hourly change 
in the sun's declination is southerly; the computed resultant angle 
indicates the bearing of the reference point referred to the true 
meridian. 

The correct apparent times of tJie observations do not need to be 
kiK>wn, as the function ''K^+^) " equals one-half the tiAie in houn 
and minutes, by the surveyor's watch, from the a. m. to- the p. m. 
observation. 

The equal altitude observation may be modified by taking a p. m. 
observation one day followed by an a. m. observation the next^ in 
which case the functions " Jc?6" and "i(^+^) " ^^^ ^ ^® computed 
for the period from the p. m. to the a. m. observation; and the differ- 
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ential azimuth correction, ^^d Ah^\ is then applied in the opposite 
direction. 
120. Example of equal altitude observation of the sun for azimuth : 

Final field not^s. 

May S, 1913, at a transit point in Washington, D. C.» in latitude 38° 
53^ W N., and longitude 77*> r.6 W., at 9*^27» a. m. and 2»»33« p. m., 
app. t., I make a series of three equal altitude observations upon the 
sun for azimuth, reading the horizontal deflection angle from a flag- 
pole about 20 chs. to the S., S£. in the a. m. to the sun's right limb, 
and SW. in the p. m. to the sun's left limb; equal vertical angles 
being taken to the sun's lower limb. 



Observation. 


Sun. 


Watdi 
time. 


Vertical 
angle. 


Horinmtal angle flag 
to sun. 


1st a. m 


-P 


9»»29«25« 
2 41 40 


48'28'00" 
49*'a>'00" 

49'43'00" 


67'aO'OO" to BE. 


3d p. ni- 


65 28 30 to SW. 






2d a. m 


0i»32n»50- 
2 38 15 


r51'30"(Difr.) 
66*29'30" to SE* 


2d p. m 


64 38 00 to SW. 






Sum of hour angles 


6h05m25» 
2»»32n»42'' 




IfAftn hniir ftnirlA .... 




1"51'30" (Diff.) 




n 


3d ft. m 


9b3d»30* 
2 34 45 


65**34'30" to SE. 


1st p. m..... 


63 45 30 to SW. 








1«49'00" (Diff.) 



One-half differences, or bearing angles from uncorrected south 

point to flag: 

By 1st obsn.^S. 0° 55' 45'^ W. 

'' 2d *' =S. 65 45 W. 

'' 3d ** =S. 54 30 W. 



Mean «S. 0*=* 55^ 2(K^ W. 

Differential azimuth correction= (+) 3^^ 53^'' 



Mean true bearing of flag 



=8. 0^ 59' 13'' W. 
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designate, together with the equally important provisions (a) that 
the boundary lines actually run and marked shall be and remain 
the proper boimdary lines of the sections or subdivisions for which 
they were intended; (6) that the length of such lines as returned 
by the surveyors shall be held as the true length thereof; and (c) 
that the sections shall be subdivided by running straight lines 
from the established quarter-section comers to the opposite estab- 
lished quarter-section comers. 

185. The townships will be numbered to the north or south com- 
mencing with number 1 at the base line, and with range numbers to 
the east or west banning with number 1 at the principal meridian. 

The 3o sections into which a township is subdivided are numbered 
commencing with number 1 in the northeast section of the township, 
proceeding thence west to section 6, thence south to section 7, thence 
east to section 12, and so on, alternately, to ntunber 36 in the south- 
east section. In the case of fractional townships, the sections will 
bear the same numbers they would have had if the towniihips were 
full, that is to say the section numbers should be employed which 
are the proper section numbers relating to the sides which are the 
governing boundaries, leaving any deficiency to fall on the opposite 
sides. 

1B6. The specimen field notes will serve to illus^te the method 
of running lines to form quadrangles 24 miles square; the method 
of running the exterior lines of townships; and the method of sub- 
dividing regular townships. The methods here presented are 
designed to insure a full compliance with every practicable require- 
ment, meaning and intent of the surveying laws. 

187. By the terms of the original law and by general practice 
section lines are surveyed from south to north and from east to west, 
in order uniformly to place excess or deficiency of measurement on 
the north and west sides of the townships. For convenience the 
exterior lines on which subdivisions are based are called the govern- 
ing boundaries. In unusual cases the north and west boundaries 
may be employed to govern the subdivision of a township, and in 
extreme cases an irregular township may be without even a single 
governing boundary. 

INITIAL POINTa 

188. Initial points from which the lines of the public surveys are 
to be extended will be established whenever necessary, under such 
special instructions as may be prescribed in each case by the Com- 
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mianoner of the General Land Office. The initial points are to be 
selected with a view to their control of extensive agricultural areas 
within reasonable geographical limitations. Upon the establish* 
ment of an initial point, the position of the point in latitude and longi- 
tude is to be determined by accurate field astronomical methods. 

During the period since the organization of the system of rectan- 
gular surveys numbered and locally named principal meridians and 
base lines have been established as shown by the accompanying 
tabular exhibit. These bases and meridians may be found by 
examining the large wall map of the United Stat^ published by the 
General Land Office; they are also shown upon the various official 
State maps, and upon a special map entitled ^ ' United States, Showing 
Principal Meridisins, Base lines and Areas Governed Thereby." 

189. The latitudes and longitudes given in the following table are 
based upon the best obtainable information, but in some cases the 
values shown are only approximately correct owing to the fact that 
many of the initial points were fixed in position and the surveys 
therefrom largely completed before the same importance was at- 
tached to the matter of accurate latitudes and longitudes as at the 
present time. It may also be noted, by way of explanation, that 
present-day facilities for accurate field astronomical determinations 
were not available to the early surveyors. It is not expected that 
the values of the latitudes given in the table will be used as the 
basis of the calculation of the latitude of an unknown station, in lieu 
of a field determination thereof, except as an approximate value 
may satisfy all requirements. The coordinates of the earliest sur- 
veys in Ohio can not be conveniently tabulated, but they are shown 
upon the maps as stated above. 

PRINCIPAL MERIDIAN. 

140. This line shall conform to the true meridian and will be 
extended from the initial moniunent, either north or south, or in 
both directions, as the c<mditi(ms may require; regular quarter- 
section and section comers will be established alternately at inter- 
vals of 40 chains, and r^ular township comers at intervals of 480 
chains; meander comers will be established at the intersection of 
the line with all meanderable bodies of water. 

141. In the survey of the principal meridian and the other 
standard lines (base lines, standard parallels and guide meridians), 
hereinafter described, two independent sets of measurements will 
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MERIDIANS AND BASE LINES OF THE UNITED STATES BECTAN6ULAR 

SURVEYS. 



Meridians. 


Governing surveys (wholly or 
in part) in States of— 


Longitude 

of principal 

meridians 

west from 

Greenwich. 


Latitude 

of base 

lines 

north from 

Equator. 


Black Hills 


South PakotA 


9 f II 

104 03 00 
116 24 15 

89 15 00 

90 14 45 
103 00 00 
145 18 42 
147 38 33 

91 03 42 

84 48 50 
90 28 45 

90 28 45 
112 17 25 
124 08 00 

86 84 45 
97 14 30 

92 34 15 
84 22 24 

121 54 48 

108 32 45 
106 53 40 
111 88 GO 
111 54 00 
116 56 15 

86 28 00 

149 21 53 

97 23 00 

91 09 15 

88 02 00 
84 16 42 

89 10 15 

109 57 30 
108 33 20 

91 09 15 

122 44 20 
108 48 40 


44 00 00 
43 22 31 


Boise 


Tdf^ho ..,.-.-.-.-- 


Chickasaw 


Misffisiiippi . , 


34 50 00 


Choctaw 


do , 


31 54 40 


dmarron 


Oklahoma 


36 30 00 


Conner River . 


Alaska. , 


61 49 11 


Fairbanks ...- 


Alaska 


64 51 49 


Fifth Principal 


Arkansas, Iowa, Minnesota, 
Missouri. North Dakota, 
and South Dakota. 

Ohio 


34 44 00 


First Frincinal 


41 00 00 


Fourth Principal 

Do 


Illinois 


40 00 30 


Minnesota and Wisconsin 

Arizona 


42 30 00 


Gila and Salt River 


33 22 40 


TTnTTihoM^"- ... 


California 


40 25 12 


Hiintsville ^.^.. -- 


Alabama 


35 00 00 


Tndiftn. . 


Oklahoma 


34 30 00 


Louisiana. 


Tianf-*>iiina .-.-,-,--. 


31 00 00 


Mi^^ljWTlT - 


Michigan 


42 26 30 


Mount Diablo 


California and Nevada 

Arizona and New Mexico 

Colorado and New Mexico. . . . 
Montana 


87 51 30 


Navajo 


35 45 00 


New Mexico Principal . . . 


34 15 25 
45 40 48 


Salt Lake 


Utah 


40 46 04 


San Bernardino 


California 


34 07 10 


Sec(md Principal 


Tliinois ^ind Indiana. , t . ^ , . - 


38 28 20 


Alaska 


60 07 26 


Sixth Principal 


Colorado, Kansas, Nebraska, 
South Dakota, and Wyo- 
ming. 


40 00 00 


St. H^ena 


31 00 00 


St. Stephens 


Alabama and Mississippi 

Florida 


31 00 00 


f'allahassee 


30 28 00 


Thirrt Pritic-lDftl 


Illinois 


38 28 20 


Uintah ; 


Utah 


40 26 20 


Ute 


Colorado 


39 06 40 


Wa«hinffton. ..... t r .. r . . 


Mississippi 


31 00 00 


Willamette 


Oregon and Washington 

Wvomine. 


45 31 00 


Wind River 


43 01 20 


^ 
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be employed, unless subdivisioiial closings thereon are provided in 
the same assignment with the standard line, in which case the clos- 
ings will furnish a satisfactory verification of the length of the lines 
thus surveyed. Where such closings are not to be made during the 
progress of the same survey, the proi>er supervising officer will pro- 
vide suitable instructions for the employment of a second set of 
chainmen, or for the duplicaticm of the measurement by the one set 
of chaanmen. In either case, where two independent sets of measure- 
ments are employed, the distance to the mean point, and the diff^- 
ence between the measurements to each comer established, will be 
shown in the field notes; a form of record is given in the specimen 
field notes. 

142* Should the difference between the two sets of measurements 
of any standard line, as above provided, exceed 20 links per 80 chains, 
it is required that the line be remeasured to reduce the difference, 
the final measurement of the line only to be shown in the field notes. 
Should the successive independent tests of the alinement of any 
standard line, or the average tests of the solar attachment employed 
in the projection thereof, indicate that the line has deflected from 
the true cardinal course to exceed Z^ 00^"", the necessary corrections 
will be made to reduce the deviation in azimuth, the field notes of 
the true line only being shown. Every reasonable effort will be 
exercised to insure the accuracy of both tke alinement and the meas- 
urement of the standard lines, and the stated discrepancies are the 
m^yimnm that will be allowed in new surveys; corrective steps will 
be reqiured where the differences are beyond the maximum. 

BASE UNK. 

148* From the initial monimient the base line will be extended 
east and west on a true parallel of latitude; upon the true line stand- 
aid quarter-section and section comers will be established alter- 
nately at intervals of 40 chains, and standard township comers at 
intervals of 480 chains; meander comers will be established at the 
intersection of the line with all meanderable bodies of water. 

The manner of making the measurement of the base line and the 
accuracy of both the alinement and measurement will be the same 
as requ^ed in the survey of the principal meridian. Any one of the 
methods heretofore set forth for the determination of the alinement 
of the tme latitude curve may be used as existing conditions may 
require and the detailed process will be fully stated in the field notes. 



136 



MANUAL OF SURVEYING INSTRUCTIONS. 



STANDARD PARALLELS. 

144. Standard parallels, which are also called correction lines, 
are extended east and west from the principal meridian, at intervals 
of 24 miles north and south of the base line, in the manner prescribed 
for the survey of the base line. 

Fig. 16. 
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Illustrating the survey of quadrangles each embracing 16 townships bounded 
by standard lines, and showing the oo^dinate sjrstem of numbering the townsh^ 

» 
145. Where standard parallels have been placed at intervals 

of 30 or 36 miles, under practice then permissible, and present con* 

ditions require additional standard lines from which to initiate new, 

or upon which to close the extension of old surveys, an intermediate 
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oorrecticm line ^bomld b9.«8ta1»Mihod to which & local name may be 
giT«n, e. g., ''Fifth Auxiliary Standard Parallel North/' or ''Cedar 
Creek OocrectioQ I4ne/ ' etc., and the same will be run, in all respects, 
like a regular staadjurd pao^lel. 

146. Guide meridians are extended north from the base line, 
or standard parallels, at intervals of 24 miles east and west from 
the principal meridian, in the manner prescribed for rttnsiing the 
principal meridian. Under all conditions the guide iBecldifenl 
win be terminated at the points of their intersectlans with theetend* 
ard parallels; the guide meridian is to be projected on the true m^i- 
dian and the fractional measurement is to be placed in ihB last hak 
mile. At the true point of intersection of th*e guide meridian wHh 
the standard parallel a closing township comer is to be esta&lii^hed; 
the parallel will be retraced between the first standacrd centers easi 
and west of ike point for the closing comer, in order to du l cimi ^e 
the exact alinement of the line closed upon, and Hke' distattee^w4lt 
be measured and recorded to the nearest com^'otteaidfitiii^arcl 
parallel. 

147. When existing conditions require that such guide m^^dkaM 
shall be run south from the base or Correction lines, tfiey will be tai^ 
tiated at the thec^etical point for the closing comer of the guide 
meridian, ;which will be calctdated on the basis of the survey d the 
Hne from south to north initiated at the prox>er standard towns h ffi 
comer. At the theoretical point of j|!itersecti()n a closing townsh^ 
comer will be established. 

148. Where guide meridians have been placed at intervals ex- 
ceeding the distance of 24 miles, and new governing lines are re* 
quired in Cffder t6 limit the errolrs of the old or to control new tt»- 
veys, a new guide meridian will be established, and a local* naltoW 
may be assigned to the same, e* g., *' Twelfth AuxUiary Guide Merl*- 
ian West,*' or "Grass Valley Guide' Meridian,'' etc.' These auxiliary 
guide meridians will' be surveyed in aH respects Hke regular guide 
meridians. .' 

149. The above scheme covens tiite controlling lines cbntempla?terf 
under the rectangular system, and results regtilatly in the survey of 
quadrangles bounded on the north and south by tme* parallels of 
latitude, and on the east and west by tme meridians, 24 miles apaH. 
One exception may now be noted li^ch will ber foimd to depart 

55465"— 19— 10- 
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from former practice, that is, where "a guide metridian is earned 
forward at a time when imcertainty exists as td how the exteri(Hr axid 
snbdiTdsional surveys to the ea«t*may dose VLpaa it, the ooxaeiB upon 
the same will be marked only for the durv^ya tOfthd'wert. 

TOWNSHIP ncnEi^^Mts. 



REGULAR ORDfea. 



" 'I 



150. The controUiiig factors tp be recogn^ed p the estatfjfhioent 
of new township boundary lines are found in the, iel^o|^,^ these 
linee ta th^ new subdividanal surveys whj^ch ar€i,-j|9^^^e.,^ecuted. 
The south iMaA^&8t_ bffgi dari^? Me TfflimwJil Y t ^to, g(^V^<nm6 U^ea of 
the Bubdivi ajona l sut Yfiyg. pefective conditi^ais. (Whiph may be 
found in previously Established exteriors r<^- not l^e eliminated 
where subdivisional Une? hatve beeii i{iiti^t^4 fr<^^ ^ closed upon 
ui old boundary, but the errors of the fom^fer purveys are not to be 
incorporated into- the new, and where th^ previously establisl^ed 
south and east bou»daries can not on that jaccpunt be used^ to govern 
the subdivision of the adjo^bing township, other controlling lines 
known as the sectional correction line and the sectional, ^[uide 
meridian, hereinafter described^ will be employed as es^pedie^^. A 
new meridional township exterior ia normally the goyeiwng boimd- 
ary of the township to the west, and a n^w Utitudi^al township 
exterior is normally the governing bou^i^j^. of tb^ township to the 
north; any new bou^daiy should thwfprp be established ^th full 
eonsideration for its controlv upon the subdivigipnal surveys there- 
after to be executed. 

.-l&l* "Whenever practicable the townidiip. exteriors will be sur- 
veyed successively through a. quadrangle in X£^|iges pf townships, 
b^ginningwith the tow^shipet on the south; The meridional bound- 
ar]^B of the townships will have precedence in the order of survey 
smd will be run from south to north on true meridians; quarter- 
section and section comers, will be estabjiahed alternately at intervals 
of 40 chaiitf, and meander comers at the intersection of the line with 
all meanderable bodies of water; a temporary township comer will 
be set at a distance of 480 chainsi pending jb^ ^^termination of the 
eontioUing factor upon which its final position wiU be governed, 
whereupon the temporary point will be replaced by a permanent 
comer in proper latitudinal position. The latitudinal township 
boimdary will be run first as a random line, setting temporary 
corners, on a cardinal course, from the old toward the new meridional 
boundary, and corrected back on a trae line if ideal conditions are 
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found to obtain. Where both meridional boundaries are new lines 
or wher» both have been pcevioual^ established^ 1^ naidom latir 
tudinal boundary will be run from ea^t to west. In ei&er case, if 
defective conditions are not encoimtered, the mndom line will be 
corrected back on a true line, u|>Qn which will be established regu- 
lar quarter-section and section comers at intervals of 40 chains, 
alternately, counting from the east, and meander comers at the 
intersection of the true line witih all m^andecftble bodies of water. 
The bearing of the tme line will be calculated on the basis of the 
falling of the random, and the fr^tional kneasurement will be placed 
in the west half mile. A meridional township exterior will be 
terminated at the point of itd intersection with a standard parallel, 
placing the excess or deficiency in me^urement in the northern- 
most half mile. At the point of iotersectipn, of the , meridional 
boundary with fi standard parallel a closing township comer will be 
established; the parallel will be retraced between the first standard 
comers east and west of the poiht for the closing corner, in order to 
. determine the exact alinement of the line closed upon, and the 
distanco will be measured and recorded to the nearest comer on said 
standard parallel. . . 

152. In order to complete the exteriors of a township it will often 
remain to establish a meridional botmdary between previously estab- 
lished township comers; such boundaries will"be'run from south to 
north on random lines, with temporary cofnerp^ sei at intervals of 
40 chains, and^ if defective conditions are n6t eucouiitered, the 
random will be corrected to a ttue \me; by this plan the excess or 
deficiency of measurement will be placed in the nortji half mile, as 
required by law, and double s^s of comers will bO avoided where 
unneoessary. « , ' . i 

159. The temporary points on any random ex^eorior^ will be re- 
placed by permanent corners, in proper position, when l^e final true 
line adjustments for the latter have been fully determined; the 
true line will be properly blazed *throi<gh timber, and distances to 
important items of topography will l^e adjusted to correct true 
line measurements. 

154. The field notes will embrace a full and cottupleite record of 
the manner in which the township exteriors are run and established. 
The notes will show how the alinement of the random latitudinal 
curve was determined, the direction of the projection, the amount 
of thafalling north oraouth Cf the objective township comer, and the 
calculated return course or tme line. 
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IBBEQUIiAB OBDER ANO PABTIAL SURVEYS. 

155. As tli<B retnaining unsurveyed public lands are found to con- 
tain less 1^ less extensive areas surveyable under the law it becomes 
necessary to depart from the ideal procedure in order more directly 
to reach the areas authorized for survey. The many possible com- 
binations are enl^ely too numerous to state in detail, but where an 
irregular order apx>ears to be necessary such departure from the 
ideal order of survey will be specifically outlined in the written 
special instructions. Such departure should alwuys be based on the 
principle of accompIishiBg, by whatever plan, tlie same relation of 
one township boundary to another as would l^ave resulted from 
regullar establishment under ideal conditions. 

In authorising surveys to be executed it will hot usually be pro- 
vided that exteriors are to be carried forvpUrd until the township is 
to be subdivided^ thus where causes operate to prevent the establish- 
ment of the boundaries in full it is not imperative that the survey of 
the exterior lines be completed; under such conditions it may be 
f oimd necessary to run section lines as offsets to' township exteriors 
and such section- lines will be run ei^er «n -eafduial <x>urBe8 or 
parallel to the governing boundiiries of such townships, or even 
established when subdividing, as existing conditions ma^ require. 

^BNERAL EXCEPTIONS^ 

156. The above rules accord with former practice, efxcept that in 
c^^tain diLStaticeB the rapdom latitudinil boundaries will be run 
from west to east, instead of invariably from eabt to weist, as here- 
tofore required. It is also deemed advisable to incorporate other 
exceptions which will lessenth^ difficulties of subdiviaonal surveys 
frequently experienced in the papt. 

It is especially desirable, that the alin^ment of a new latitudinal 
boundary, (which becomes tbe^ governing south bounciary of the 
township to the north) shall not depart more thab H^ from the true 
cardinal Course; therefore the random l^ne, run upon-lie cardinal 
course, may be made the true line where the falling would require 
a correction exceeding M' of arc. Where the random latitudinal 
boundary thus closes on a new meridional exterior the temporary 
township comer may be adjusted to the latitude of the opposite 
township comer; but where both meridional boundaries have been 
previously surveyed a closing township comer will be established 
at the point of intersection of the random latitudinal line with the 
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m^addkaoaA boundary, or ito piojection to the north or south as the 
GAte nia7 be. likewise, where a meiidiOBai boundary is run as a 
random, the random will be made the true line if the adjustment for 
falling plus the usual correction to secure parallelism of the meridi- 
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Latitude 70*N. 

Blttstnitliiis the Si^Etstmetit ^ th6 dJttectfon of the ikierfkii6na) lines of a mlbdfvi* 
8ioq»l Eucray on accocmt of oonvoieiicy of meridlane, also the U' limit of the' 

rectangular "safety zone." , ,, ' »- 

ofttl miibdivisional lines (on account of convergency of meridians) 
imM, result in calculated bearings (in the northerumost miles of 
the latter lines) in excew of 14^ from cardinal. This margin for the 
aKnement of the random and true meridional lines of the subdivi- 
sional survey cidls for a governing: east boundary whose bearing will 
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£ali^ within oeitaioi eactfeme8> sailed to ih» latitude of the towiuafaipy^ 
as lor BKample (flee aeoood pari of Tablci 2, Standard Field 'ITablee)^' 

Latitude 2$'' N, , 

let Mi. Mer. Subdv. N. 0° 14^ E. 5th Mi. Mer. Subdv. N. 0^ W W. 
Corr. for Conv. +00 Coti. for Gonv. -02 



B. bdy. may be ] N! 0^ if £. E. bdy. pay be N, 0^1,2-^ W^ 

Latitude 70** JV. ' ! 

UtMi. M^, Subdv. N. 0*^ W E. Sth M^. Mer. Subdv. N. 0° 14' W. ' 
Cbrtk for Conv. -f 02 Corr. for Conv. -10 



E. bdy. may be N^^16' E. E. bdy. may be N. 0*^04' W. ; 

It^ will be noted that the above text in Reference to the 14' Umi^lc^ i 
exteriois aj^lies €«ily to the establishment of i^w boundaiie». ' 
^ previously eetabMshed boundary everjr part <d winch ift wtthin 2K t 
of cardbifd will not be considered defective -in aluiement. ' Even in*' 
the case of new exteriors, where thie'flitrveyor who establishes such 
line is also to subdivide the township of which such exterior is a 
governing boimdary, the margin of 14' may be exceeded to a limited 
e^ctent i( the surveyor is satisfied that existing conditione |avor keep- 
iiig witliih the 21' limit in the subdivisional survey. Thus it will be 
see^ that the purpose of the 14' limit is mev^ly to facilitate the estab- : 
lifihment of all subdi visional lines within the prescribed definite 
limit of 21'' from cardinal. ' ; 

167 » Another general exception may be noted where imcertainty I 
exH^ as td how imsurveyed exteriors and subdivisional lines wfll ; 
close upon the newly established boimdaries, in which case the cor- * 
iers thereon may be marked only for the^ tcwnsMpe of which th6 ; 
B^w exteriors control tfce wiVdivisions. , ; . : 

: . - ■ " ' ■ . ■- _,> .. - :• - ^ ' .. ^ 
' COBiPL^TlON 0^ PABTIAIXY SURVE;YED EXTERIORSi 

, 158^ TOiere the e»d pogrti^uis of a .tOT^nship exterior haye beea 
pBBMiDtiBly Burve3»d and closed upon, the fractional imsurveyod 
middle part will be completed by random and true Hue, without 
offset reg^djess p! the deviation from cardinal; ^e| Iragtio^ mew-, 
urements will be placed as a general rule in the , J^o^cih, ^^ west 
Half mUea, thereby permitting the subdiviaigoal Ui^ to be e^x^ndexjl^ 
as usual frpm the south to the north and from the. ea^ U) the weflt. 
In the case of a fractional part of an ex^ierior rf^maiiiing unsurv^yed 



\ 



SYSTEM O^ RECTANGULAR S^JR^'EYS. 



14^ 



at either end of the line, the boundary will be completed by random 
Unei initijvted -at tKe previously, established terminal monuiufint, 
which will be pDoJected on a: cardinal course in the direction of th^ 
objeolive towi^^p eoamr. The ramdom will be ccarected to a 
trvie litie where the calculated bearing ol any su^bdivlfikmal line, 
gofretoed-by auch exterior, oomes withiji W from cardinal, and the 
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STANDARO PARALLEL 

r 

fractiottal meamirement wiM be placed genetally in the tkorth cir 
Weert ^alf miles. However, should irregularity be developed, of 
ih the absence of a i^revioUsly estal)lidied objective towiiship corner, 
the partially ertu^eyed exteriors will be completed on cardinid 
courses beginning as above; and in either case the fractional meau^ 
Urements will generally be placed In the north and west half miles. 
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BETRACEMENTS BBFOBE SUBDIVIDING. 

1^^ If dny part or all of the bottndaries of a town^p which 
is to be enbdivided have been }»:eviou6ly surveyed, and tiiie proper 
supervising officer has reason to question the "accuracy of iny portion 
of such exteriors, or the condition of the comer monument? thereon, 
the fact will be stated in the written spedal instructions, and the 
surveyor will be authorized and required, as a condition precedent 
to begiiming the subdivisional survey of such township, to retrace 
such boundaries in order to determine the true alinement and lengths 
of the lines, to rebuild any comers found to be in a poor condition, 
and otherwise to accomplish the following purposes: 

(a) To locate all material errors, (b) to teat every line as to what 
alterations may be required, and (c) to detemu^e all data necessary 
for the computation of the areas of all fractional lots. 

160. All data obtained in the retracements will be embodied in 
the field notes and shown upon the plat of the survey, unless the 
retmcement results are in substantial agreement with the record of 
the original survey, in which case a general statement to that effect 
may be made in the field notes, and the original record may be per- 
mitted to govern the data to be placed upon the plat. 

RBCTANGUIiAJt LnOTS. 

161. Before approaching the subject of ' * subdivision of townships '' 
it is necessary to consider the requirement of law relative to rectan- 
gulai^ surveys, wherein the square mile, or section, is the unit of 
subdivision. The normal township will include 36 sections in all, 
25 of which are retumed as containing 640 acres each; 10 sections (on 
the north and west boundaries) each contain regular aliquot parts 
totaling 480 acres with 4 additional fractional lots in each section, 
each lot containing 40 acres plus or minus definite differences to be 
determined* in"iiie survey; and, section 6 co ntaining - regtribri^q«)ot 
parts totaling 360 acres with 7 additional fractional lots each con- 
taining 40 acres plus or minus o^rtain definite differences to be 
d^tonvoned in ^e survey, all as contemplated by law. 1^ aloi^e* 
laentiofiedatiqiiot parts of 640 acres may be termed ^'regular or UgaX 
subdivisions of a section, ' ' as a quarter section, a half-quarter section, 
or a quarter-quarter section, the legal miniipum of which, lor purposes 
ol disposal under the general land laws, is 40 acres, 

• 162. In the administration of the suryeyixig laws it baa been 
necessary to establish a definite relation between rectangularity 
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(square miles of 640 acres, or aliquot parts thereof), as contemplated 
by law, and the resulting unit of subdivision consequent Upon the 
practical application of surveying theory to the marldng out of 
the lines on the earth's surface, wherein the ideal section is 
allowed to give way to one which may be termed ** regular." Such 
relation, as applied to the boundaries of a section, has been placed 
at the following limits: 

(a) For aHnement, not to exceed 2V from cardinal in ai^y part; 
(&) for nieasurement, the distance between regular eosnierd to be 
normal according to the plan of survey, with certain allowable 
adjustments not to exceed 25 links in 40 chains; and (c) for closure, 
not to exeeed 50 links in either latitude or departure^. 

Township exteriors, or portions thereof, will be considered de- 
fective when they do not qualify within ^e above limits. It is also 
necessary, in order to subdivide a township regularly, to consider a 
fourth limit, as follows: 

(d) For position, the corresponding section comers upon the op- 
posite boundaries of the township to be so located that they may be 
connected by true Hues which will not deviate more than 2il^ from 
cardinal. 

A previously established exterior wiH not be considered de- 
fective if the above limits are satisfied, and a tuhdivisional survey 
may proqeed in safety if the rectangular limits (in such subdrviaional 
survey) are not exceeded. On the other hgpd, if tke conditions 
relating to th^e previously eetftblished govermi^g hwmdaries are such 
that the rectangular limits have already l)een exceeded or that the 
danger point is likely to be reached at an early stage in t^e subdi- 
visional purvey, the necessary corrective steps will be taken before 
subdividing, as hereinafter described. 

5 
BECTIPICATION OP DBFECltTE EXTEBIOKS BEFORE fiUBDlVlDII^G AND 
METHOp OF ES^ABLISHlkG NEW GOVERi^ING BOUNDAHIE8 WHERE 
THE PllEVI0t7SI»Y SURVEYED EXTERIORS ABB FOUND TO BE DE- 
FECnvi. { ' 

163. Where subdiviaional lines haVe been initiated from ot closed 
upon an jexterior prior t6 the sutdiviapn of one of the ^joining 
township^, its alinement pan not legally be changed. A defective 
boundary not so closed i^n may be obliterated, after connecting 
the old 'v^th the jiew monuments, whereupon a new boundary will 
be project^ in accordance with r^ular methods. If a legal claim 
of any character such as minoral, farest-hom^stead, enwdi-hDlding, 
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railroad or canal right-oi-way, res^rvoit site, etc., has been connected 
with any comer on an exterior whick may he subject to rectification, 
the fact will be specifically stated in the written special instructionfl, 
and in case such exterior is found to be defective the eiiryeyor will 
accurately connect the old comer by course and distance, with the 
new monument. Such old comers will not be destroyed, but the 
letters '*W P" (signifying "witness point") will be distinctly added 
to the original markings. A complete record of the connection from 
the new to the old monument, a description of the latter and ita 
accessories, and the new markings, will be included in the field 
notes, and the position of the old moniunent will be shotm on the 
plat of the siu^ey. 

164, If a boundary is defective in measurement or position and is 
not subject to rectification, the location of the original comers will 
not be changed, but the marks thereon, and the marks upon or 
position of the accessories, may be appropriately altered to stand 
only for the sections of the previously established surveys. New 
comers to control the surveys of the adjoining township may then 
be established on the old line, but at regular distances of 40 and 80 
chains. Where new comers are placed on an oblique exterior (one 
whose bearing departs more than 1° from cardinal) the same will be 
so located for measurement that the oblique distance multiplied 
by the cosine or sine of the bearing angle^ as %h^ case may be, will 
result va. cardinat equivalents of 40 and 80 chains, 

165. Where subdivisional lines have been initiated from or 
closed upon one side of a portion of a township boundary prior to 
the subdivision of the township on the opposilie side, while upon 
the remaining portion of the same such conditions do not interfere, 
said remaining portion may be obliterated, if found defective, 
whereupon a new line* will be projected in accordance ^th regular 
methods. 

166». The position of the new exteriors, or of new comers on 
defective township boundaries must be established by an actual 
renmning of such lines ; the data acquired in surveying subdivisional 
lines closipg upon defective exteriors can not be accepted in lieu 
of such ]?etracement or resurvey. 

167. Instances will occur both in closing subdiYisipnal surveys 
upon regular exteriors abd in the retracement of defective bound- 
aries not subject to rectification where it will be developed that the 
original monuments have become lost dr obliterated, x)t where such 
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comers may be identified in an advanced state of deterioration. All 
such exterior com^s will be reestabllBhed and remonumented in 
their correct original positions in strict accordance with the pro- 
visions of Chapters IV and V, and a complete record thereof will be 
embodied in the field notes. 

168. The south boundary of a, township is regularly the govern- 
ing latitudinal boundary and will be used as such unless defective 
in alinement; if defective in measurement, and not subject to rec- 
tification, the position of the original comers will not be changed, 
but the marks thereon and the accessories will be appropriately 
altered to stand only for the sections of the township to the south; 
new comers of two sections and quarter-section comers common to 
the sections of the township to the north will be established at reg- 
ular intervals of 40 chains, counting from the east, and the excess 
or deficiency in measurement placed in the west half ndle. If the 
south boundary is defective in alinement, a sectional correction 
line will be required. 

169. The east boundary of a township is regularly the governing 
meridional boundary and will be used as such unless defective in 
alinement; if defective in measurement, and not subject to rectifi- 
cation, the position of the original comers will not be changed, but 
the marks thereon and the accessories will be appropriately altered 
to stand only for the sections of the township to the east; new cor- 
ners of two sections and quarter-section comers common to the sec- 
tions of the township to the west will he establi^ed at regular inter- 
vals of 40 chains, counting from the south. If the east boundary is 
defective in alinement a sectional guide meridian will be required. 

170. New west and north boundaries of a township become the 
governing meridional and latitudinal boundaries of the townships 
to the west and north, respectively, and are required to be properly 
establii^ed as such. 

171. New east and south boundaries of a township become the 
closing meridional and latitudinal boundaries of the townships to 
the east ^nd south, respectively, and where by peculiar necessity 
the ideal plan must be modified stnd doubt exists as to how unsur- 
veyed lines may close upon same, the comers thereon may be estab- 
lished common only to the sections of the township of which the 
new lines are the governing boundaries. The comers appropriate 
to the sections upon the opposite side will be duly established as 
closing comers at the time of the survey of the subdivisional lines 
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of the adjoining townships if the original comers are then found to 
be defective in position, and where regular connections can be 
made the marks upon the original comers will be appropriately 
altered to comers of maximum control. 
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172. "Vyhere the preTiously established north or west bounda- 
ries are found to i>e defective in tneasurement or pooition and sub- 
divisional surveys in the adjoining townships have been initiated 
upon the| same, thereby preventing rectification, th6 marks upon 
the original comers will be appropriately altered to ccnners of two 
sections and quarter-section comers common only to the sections of 
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the towitfMpfi to the north or west, respectively. Closing eection 
comers will be established when snbdividing and the distance meas- 
ured io an original comer; new quarter-section comers, common to 
the seetions of the township which is being subdivided, will be 
pla<^ on the old line at i^e mean distances between the closing 
section comer*, or at 40 chaiiis from one direction, depending upon 
the plan of the subdiviedon of the section. Where such previously- 
established north and west boundaries are defective in alinement, 
but not in measurement or position, no changes are required, and 
the section lines of the township which is being subdivided will be 
connected regularly to the original comers; the resulting fractional 
meafiurements will be placed uniformly in the north and west half 
miles. 

178. The diagrams which accompany the text illustrate the guid- 
ing principles involved in the method of establishing new govern- 
ing boundaries where the previously surveyed exteriors are found 
to be defective. Each diagram illustrates a simple condition affect- 
ing one boundary only, and the examples are taken only from the 
regular ordwr of procedure. Combinations of two or more of the 
simple defective conditions are best solved by an analysis of the 
comi^x problem into its several parts of simple defective condi- 
tions^ The same statement is appUcable to the solution of complex 
defective conditions encountered in the establishment of township 
exteriors under an irregular order of procedure. The surveyor will 
be expected to exercise sjfcill and judgment in dealing with similar 
field problems, but where extraordinary conditions are encountered 
which will not admit of analysis and solution in harmony with the 
principles herein, set forth he will report the facts to the proper 
supervising officer for his counsel. 

fABtiSS OF LATrrtTDBS AND DBPARTtTRfiS AND CtOSINQ EttROItSf. 

174. Upon the coniipletion of the survey of one or more township 
exiteriors closing the figure of either a full or fractional township, a 
table of latitudes and departures and closing errors will be prepared, 
wherein due allowance for convergency of meridians will be intro- 
duced. The closing errors will furnish an immediate guide to the 
accuracy of the lines included in the tabl^ and, V^ caae the limit of 
clomire (jJtt of the perimeter^ in either latitude or departure) is ex- 
ceeded, will serve tp show wha,t additional retracements or otjier 
9pfrective ateps maybe necessary in order to jperfect the survey 
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before leaving the field. The table of latitudes «aid departures and 
closing errors, indudiiig every part of apy closed figure embracing 
township ^xtedotB^ based upcm final field determination a(t^ ail 
necessary retracements and final true Unes have been completed « 
will be incorporated in the field notes of the surrey. The general 
subject of ''limits of closure" will be amplified hereinafter. 

SUBDIVISION OP TOWNSHIPS. 

BBOULAR ^O0KIl|ABIBft. t 

176. The boundaries of a towndiip will be considered within 
satisfactory governing limits from which to control the subdivisional 
survey when the calculated position of the latter lines may be theo- 
retically projected from said boundaries without invading the danger 
zone in respect to rectangular limits as previously described. The 
danger zone has already been placed at theoretical bearings exceed- 
ing 14^' from cardinal, and the corresponding zone in respect to 
lengths of lines may be placed at theoretical adjustments exceeding 
33 links per mile. 

176. The directi6n of the east boundary may qualify anywhere 
within the governing liniits set forth under the subject of "township 
exteriors," and where this boundary is broken in alineiuent, but 
otherwise within the governing limits, its mean course will b^ 
adopted when considering the control upon the direction of the 
tneridicMial subdivisional lines. 

177. The subdivision of a township may proceed in the normal 
order, where the above conditions are satisfied, as follows: 

^he itieridional section lines will be initiated at the regularly 
e^blished section comers on the south boundary of the township 
and will be nm from south to north parallel to the governing east 
boundary, or, la case the east boundary ;is within limits, but has 
been found by retracement to be iijiperfect in alinement, tli^ mer^d* 
ional section lines will be run parallel tp the mean course of such east 
boundary. Regular quarter-section and section comers will be 
established alternately at intervals of 40 chains, as far as the^northern- 
most interior section corjier. The last miles of the meiidioii^l sectioa 
tines will be continued as random lines, each:successi^'B line being 
run parcel to the tme east boundary of the section to which it 
belongs; a temporary quarter-section comer will be set at 40 chatins, 
the distances will be measured to the points of intersection of the 
random lines with thle north boundary of the township/ and thW 
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faUingt ol^^ nnftdpiii liaet eaat or w^ of ike objecftdve seotMji 
Qomi^u will to ootBfL. Ttorandcnjis will tton be conocted to true 
Uoai by retpn^agjbQ a<:|^oitipli«h the required nutrkiiigs betwe^i the 
sfqtpkm QOEf^^aB^ JiMgM>^ng the peEmaaeot est^bliahment of the 
<marter-aeetioa ixymm !<m^the true liaee at distances of 40 chadns 
from the irailJi, tlMB ptodn^ 

h^VfO^Uec^ .Th^beiiring»ofthetJmeUlieftwiU beeaicuktedoatiie 
l^l^.pl'tt^e I9l)iti9i ottbe ?and$«m («6e T<ible.3/ Staodwd Field 
l^^^lee)/' Wherethei^iM*^houikdcu:yof the tQwnei&i{vjaabfi0e line or 
stwodaerd pamUe].,. the Imtt Aiilea'o£ the metidional eeotion lines wiU 
to K^imtiimed.iMi tme.Une0.pari^l to the east.botuidary of the town* 
ahip> setting peoaAneiMi quar^i^^eottonc^niem at 40 dMoaoM tarn 
tto 4o^h and cloeing seotum o<»merb at the polats bf intersection 
of the several lines with tto base or standard or correctiiHL line, where 
the distances will to measured to tto nearest comers on daid line. 
Th^ ftciiwrtiilent oi the bearihg of all meridioiMl. section lines on 
aocouutt ^f conveigency.of meridians has already been expltiaed in 
<^pter H. 

17S» l^e latitudinal section linea^ except inr tto west range of 
seetionSf will normally to run Irem west to .^ast on madontlLnes 
piilUel to tine soiith boundaries ol the reflective sttctions, setting 
t^Qtponary quarter-section corneosait 40 chaiiis; tto distances will to 
tneacatod to tto points oi intersection of tto random lines witk tto 
north and south lines .passiiig ihrough .tto ^l^jeetlYe Iseotioii comers^ 
and ItoiiBings o£ the random lines north or aeuth ol said comers will 
ton^otod. SadiraiidomwiUbeaurrebted to a true-line by leturni]^ 
to aooomplish tto req^nired matrkinffl totween tto section comers, 
indn<yng tto pannanent' eBtahUsliment of quarter-section comers 
at tto mid^pabfU on ithei true linas. Tto b^adngsof: tto trto lines 
wim to cateiilgfaEKJ odito basis ol tto faMing* of the randoms (see 
Tables^ BtaiidattlFisld'FaUes). In tto west fiai^ (^ sections the 
random latitudinal se(itaaa Hnea will be run fK>m east to west, parallel 
to the south boniidaiiiss'af tto xaapeetive'SectiMffi, and on tiie true 
Hiies Ito pemkanent quitrter-section ocntdierb will to established at 
40 chains from the east, tiius {i^acSaig tto fraotionafl measurements in 
the west half miles. i. 

. 170. Meander cortorawillbe estaHished at the points ol inter- 
section of the sevtend true linte with all meanderable bodies of water. 
180. The meridibnal section lines will hive. |>recedence in the 
order ol execution, and these will be surveyed successively, begin- 
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ning with tbe first meiidioBftl sedaon lifi^ cmmtifig ffom the esat. 
A m^dional section line will not be co&tiniied beyend a 0ec<^bi!t 
comer until alter tlie conHeetii^ latitudbiAl flectku lihe hksBeetf 
surveyed, and in the case of the fifth m^iidkynal «edMc^ Hkie, hotSf- 
latitudinal section lines connecting east ttd ^edt wiU be suireyed 
before contxaning with the in«i«ldiotiAl line' bey<^Ml a s^c^tfeii 
coxier. lixe successive merididfial lines may be taken up ai tine 
convememc^ of the surveyor al'iKny time in order as pr^oui^y 
stated, but none will be carried beyond uneompleled section^ to the 
east. The field notes will be compiled in lakigds oi e^ctionB bei^fiik^ 
nii^ with liie eastemmCNst, and ^e west two ranges ^nll be compUed 
by alternating with iAae adjoining east and west eecldons. The 
specimen field notes exemplify the usual order of survey as^d the 
prescribed method of arranging the field notes, 

ISl. Thus, to recapitulate, the subdivisional survey will be<Kim- 
menced at t^e comer of sections 35 cmd 36, on the south boundary of 
the township, and the line betweeA sections 35 and 36 will be run 
parallel to the east boimdary of the township, or to the mean course 
thereof, if it is imperfect in alinement^ but within limits, establish- 
ing the quartereedtkm comer at 40 chains, and at 80 chains, ^ecomer 
of sections 25, 26, 35 and 36. Froin Hie last-named comer, a iandom 
line will be run eastward, without blazing; parallel to the south 
boundary of section 36, to its intersection wi^ the east boundary el 
the town^p, jdacing at 40 chainsizoia the point ei begizming) a post 
for temporary quarter-section comer. If the randdm line int^sMi 
said townsldp boundary exactly at the comer of sections 25«ftd 36, 
it will be blazed back and established as tSxetnue linoyi the permanent 
quarter-section comer being establi^d thM*e<m, midway between 
the initial and terminal section comers. If the random intercuts 
said township boundary to the north or south of said oamer^ ^^be 
faliiii^ will be carefully measured, and from the data thuA obtaiked, 
the true return course will be calculated, and Hie true line blazed 
and established, and the position of the quarter^section coma) 
determined, as directed above. The meridional section li£ie wail 
be continued on> the same plan, l&eMde the successive latitudinal 
section lines except that each random will be runpandlel to the true 
south boundary of the section to which it belongs. After having 
established the west and north boundaries of eection 12, the line 
between sections 1 and 2 will be projected northward, on a random 
line, parallel to tiie east boundary of thetowmhip, or to its m4sak 
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course, as the case may be, setting a post for teiDX)orary quarter-eec- 
tion comer at 40 chains, to its intersection with the north hotmdary 
ol the township. If the random intersects said north boundary 
, exactly at the comer of sections 1 and 2, it will be blazed back and 
establiflbed as the true line, the quarterHsection comer being estab- 
lished permanently in its original temporary position, and the frac- 
tional measurement thrown into that portion of the line between the 
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Fig. 40. — The numbers on the section lines indicate the normal order of stib- 
dirlsion and arrangement of the field notes. 

permanent quarter-section comer and the north boundary of the 
township. If, however, said random intersects the north boundary 
of the township, to the east or west of the comer of sections 1 and 2, 
the falling will be carefully measured, and from the data thus 
obtained the true return course will be calculated and the true line 
established, the permanent quarter-section comer being i^ced upon 
the same at 40 chains from the initial comer of the random line, 
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thereby throwing the iiactiomd Boeaaurement in that portion lying 
betw;een the qnarternsection comer and the north boundary of thd 
townfihipv When the north boundary of a township is* a base line 
or standard paa:tillel, the line between sections 1 and 2 will be nm . 
ae a true line parallel to the east boundary of the town^p, or to its 
mean course, as the case may be; the quarterwsection comer will be 
plac^ at 40 chains, and a closing comer will be established a^ the 
point of intersection with such base or standard line ; and in such case, 
the distance from said closing corner, to the nearest standard conier 
on such base or standard line, will be carefully measured and noted. 
The successive ranges of sections proceeding from east to west will 
be surveyed in the same manner; then after having established the 
west and north boundaries of section 32, a random line wHl be 
initiated at the corner of sections 29, 30, 31 and 32, which will be 
projected westward parallel to the south boimdary of the town^p, 
setting a temporary quarter-section comer at 40 chains, to an inter- 
section with the west boundary of the township, where the falling 
will be measured and the bearing of the true line calculated^ where- 
upon the line between sections 30 and 31 will be permanently 
ms^ked between the section comers, and the quarter-section comer 
thereon will be established at 40 chains from the east, thereby placing 
the fractional measurement in the west half mile as required by law. 
The smrvey of the west two ranges of sections will be continued on 
the same plan, and the random line between sections 6 and 7 will be 
run westward parallel to the true line between sections 7 and 18; 
the random will be corrected to a true line and the fractional measure- 
ment placed in the west half mile; finally the random line between 
sections 5 and 6 will be run northward parallel to the true line 
between sections 4 and 5; the random will be corrected to a lyue line 
and the fractional measurement placed in the north half mile. 

It may well be noted again that the meridional section lines are 
surveyed as true lines for 5 miles, i. e., the lines are surveyed 
and permanently monumented in the first instance without later 
adjustment. Every means is placed at the disposal of the surveyor 
by which he is expected to accomplish accurate results, and the 
system of survey provides amply for the adjustment of all reasonable 
closing errors. Thus, a slight error in the alinement of the meridional 
section lines is taken up in the measurement of the latitudinal lines 
whicl^, in order to come T\athin the rectangular limit, must be 
within 50 Hnks of 80 chains in length, except in the west range of 
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sections where the convergency of the meridional lines is regularly 
provided for; the accumulated error in alinement for the 5 miles of 
true meridional line is taken up in the sixth mile, which is run 
random and true; here the true line must be within 2V of cardinal 
in order to come within the rectangular limit. The slight, ordinary 
errors in the measurement of the meridional section lines are taken 
up by the adjustment of the bearings of the latitudinal section lines 
which, in order to come within the rectangular limit, must be within 
2V of cardinal; the accumulated error in measurement in running 
north is placed in the last fractional half mile; here the meridional 
distance will be checked by a calculated closing around the last 
section, and the latitudinal error must not exceed 50 links (or -jj^r) 
in order to come within the usual limits of closure. The accuracy of 
the subdivisional survey will everywhere be tested by the usual 
rules for limits of closure, hereinafter described. The surveyor 
should discriminate carefully between the limits for subdivision 
and limits of closure and note with due respect that whereas the 
latter may admit of differences as great as 50 links in any one section, 
the former are controlled by the limit of rectangularity and will be 
exceeded if the accumulative error is greater than SY in alinement, 
or 8J links per mile in measurement. The accumulative error must 
ever be guarded against and avoided, and the order of survey is 
arranged with a view to furnishing continuous checks upon the 
accuracy of all lines. 

182. Any random subdivisional line may be run for distance only 
where the objective section comer is in sight, but the bearing will 
be recorded, and the usual rules for running random and true lines 
will be duly observed in every other respect. The random latitudinal 
section lines, except in the west range of sections, will normally 
be nm from west to east, thus always closing upon a previously 
established section comer; but when imder the exigencies of theflel4 
work, in order to economize the time of his party, the surveyor may 
elect to project the random from east to west (always parallel to the 
south boimdary of the section), a temporary section comer (if the 
permanent comer has not already been established) will be set at 
80 chains, and the true point for the section comer will be determined 
as usual at the 80-chain point on the mmdional section line, where- 
upon the connection of the random latitudinal line and the perma- 
nent marking of the true line will be completed as regularly provided. 
Examples of the authorized rules for running subdivisional lines will 
be found in the specimen field notes. 
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IRREGULAR BOUND ABIES. 

188. Where either of the governing boundaries of a township is 
disqualified as a controlling line upon which to initiate a subdi vi- 
sional survey, the necessary retracements and resurveys or altera- 
tions will be accomplished before subdividing as previously 
explained under the subject of township exteriors; thus may be 
assured every possible provision for a correct subdivisional survey 
except as either the south or the east boundary may be defective in 
alinement and not subject to rectification. 

SECTIONAL OXnDB IffEBIDIAN* 

184. If the east boundary of the township is defective in aline- 
ment, and can not be rectified, and the north boundary is thus made 
defective in position, the first meridional section line will be pro- 
jected on a true meridian to an intersection with the north boundary 
of the township where a closing section corner will be established 
and the distance measured to the nearest regular comer. The inter- 
mediate quarter-section and section comers will be established 
alternately at regular intervals of 40 chains, counting from the south, 
unless the south boundary of the township is itself defective in 
alinement. Where the north boundary is not defective in position 
(nor within the danger zone) with reference to the section comers 
on the south boundary (by reason of the errors in the alinement of 
the east boundary being compensating), the first meridional section 
line will be projected 5 miles as a true line on a bearing calculated to 
intersect the objective section comer on the north boundary, and the 
last mile will be run as a random line on the same course and cor- 
rected to a true line after the falling has been measured. The 
remaining meridional section lines will be run parallel to the one 
first established, in the usual manner, to closing section comers on 
the last mile or random and true as the case may be. 

The fractional measurements of the latitudinal section lines in 
the first range of sections will be placed in the east half mile; else- 
where, unless the south boundary is defective in alinement, the 
latitudinal section lines will be run in the usual manner. 

SSCnONAL CORRECnON LTNB. 

186. If the south boundary of the township is defective in aline- 
ment, and can not be rectified, and the west boimdary is thus made 
defective in position, a sectional correction line will be surveyed 
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as a permanent line on a true latijbq^^l curve initiated at the first 
regular section comer OQ tJ^-eaatJboiU)4a£y ftnd projected to an 
intersection "With "die west boundary -of ^he townskip whwe a closing 
section comer will be established and the distance meatored to the 
nearest regular comer. The intermediate quarterngection and sec- 
tion comers ^1! be mailed afr teiaporQ.Ty points at regular intervals 
of 40 chains, alternately, coimting from the east. Where the west 
boundary is not d^ective in position (nor within the danger zone) 
with reference to the section corners on the east boundary (by reason 
of the errors in alinement of the south boimdary being compeneating) , 
the first latitudinal section line wjU be pr<>jected 5 mi}^ as a per- 
moment line o^ a bearing^-calculated taintersect the objective section 
comer on the west boundary; temptorary quarter-section and section 
comers will be marked at r^^ular intervals of 40 chains, alternately, 
coimting from the east. 

The section cOTners on the sectional correction line will be estab- 
lished at the several points of intersection 6i the mericMonal section 
lines alined in the normal mannei*. Thereafter the quarter-section 
comers on the sectional correction line will be established at the 
usual mid-point positions except in the east and west ranges of 
sections. The quarter-section comer between sections 25 and 36 
will be established at 40 chains from the west if the east boimdary is 
defective in aline^E^ent; o^erwise it will b^ fixed at the usuitl mid- 
point position. The quarter-section comer between sections 30 and 
31 will b0 placed at 40 chains from the easty and if the sectional cor- 
rectionline has not be^a terminated at a closing section comet on the 
west boundary of the township (as previotisly provided), me line 
between sections 30 and 31 will be run random and true ifi the normal 
mann^. Th6 quasrter-section. comers on the meridionail section 
lines in the south tier of sections will be pehnanently established at 
40 chains south from the comers on the sectional cooreetion line. 
The balance of the subdi visional lines will be continued from the 
sectioiial correction line in the usual manner. 

186, '^ere the south liart of the east boundary, or the east part 
of the south boundary, is regular, and the balance of the exterior is 
found to.be defective in alinement and not subject to rectiAcation, 
the 8Ubdivisl6nal survey will be onade r^fular as Jar aa ikMssible. 
The initial point lor the sectional guide meadian, oi for the sJBctional 
correction line, will be determined by exisfing coiiditibns, and the 
subdivislonal survey cdi^tinued In harmony witli the pdnciplee 
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already outlined. Thus the fiMrmeridional section line would be 
continued as li sectionai guide m eri di a n if 1^ north put 6i the east 
boundary' is defective in alinement and the north boundary is 
thereby oiade defective in position, but if the north boundary is not 
defective in position (nor within thedanger zone) the first meridional 
section line should be continued on a course calculated tb intersect 
the objeotive section comer on the north boundary. The same prin- 
dple would be observed if the west part of the south boundary is 
defective in alinement and the west boundary is not defective in 
position (nor within the danger zone), but if the west boundary is 
thus ma4e defective in positi(Hi the sectional correction line should 
be estab$shed on the true latitudinal curve. 

Under 'tJlie provisions d the above paragraph it will be seen that 
the maTitnuTTi number of normal sections are to be secured where the 
condition of the governing boundaries warrants a combination of the 
several general plans of subdivisional surveys. The sections adjoin- 
ing the east boundary may be conadered r^ular to the full extent 
of their bonformity with the usual rectangular limits, and where 
such agreement obtains the quarter-section comers on the latitudinal 
section lines will be placed at the normal jnid-point position. The 
sections adjoining the south boundary of the township can not be 
considered regular imless the meridional lines are established at 80 
chains iit length, and the sections are otherwise in conformity with 
the usual rectangular limits; certain exceptions to this rigid require- 
ment will be noted under the subject of "fragmentary subdivision." 

187. the field notes of subdivisional surveys embracing either a 
sectional guide meridian, a sectional correction line, or ^ther gov- 
erning section line, will be compiled in the same regular order 
heretofore described, but appropriate explanatory remarks will be 
iidded indicative of the method and order of procedure. 

CLOSING SECTION LINES. 

188. In the event of defective north or west boundaries, not sub- 
ject to rectification, where the subdivisional lines can not be con- 
nected with the previously established exterior section comers, 
regularly by random and. true lines ^aot exceeding 2V from cardinal 
and at th^ same time not deviattBginore th»n 21^ from^ a line parallel 
to the op|>osite (r^idar) boundary of the se<S|tion, Ihe normal posi- 
tions of the rajadcttnaiwdl be made^ tiiie-trtie Ixnes; a closing section 
comer will then be established at the p6int of intersection of the 
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section line with the original bouiidary, and the distance ^dll be 
measured to the nearest original comer. The quarter^sectiaii cor- 
ners on t^e closing section lines will be placed unif ormly at 40 chains 
from the south or east as the case may be. II not db^ady accooi- 
plished, tbe defective boundaries of the township will be retraced 
as may b^ necessary, and the marks upon the original comers i^^pio- 
priately altered as previously provided imder the subject of rectifi- 
cation i^t defective exteriors, whereupon new quarter-eection cor- 
ners, common to the sections of the township which is being subdi* 
vided, will be established on the original defective boundaries at 
the mean distance between the closing section comers, or at 40 
chains tiom one directipn, depending upon the plan of the subdi- 
vision of the seqtion to which a particular quartev-eectiim comer 
belongs. e 

189. Comers of two sections cm the governing south ot east boun- 
daries of a township will not be established as closing sectioon 
comers, but at regular distances by measurement en said boundariea 
as already provided under the subject of rectification of defective 
exteriors before subdividing; thereafter the po6iti<m of said comets 
will control the subdividonal survey. 

190. Where a section is invaded by a State or reservation or grant 
boundary, or by a private claim of any description, such as mineral 
claims, forest-homestead claims, small4ioldiBg cUomis, etc«« whose 
boundaries are at variance with the lines of legal subdivision, the 
distance on the township boundary or section line to the point of 
intersection with the irregular boundary will be carefully measured, 
likewise the exact bearing of the irregular boundary will be deter- 
mined and the distance will be measured to the nearest comer on 
such irregular boundary. Where a private claim is located entirely 
within the limits of a section, a connection will be made from a 
regular comer on one of the boimdaries of the section to a comer of 
the claim, and the bearing and length of the connecting line will be 
carefully determined. In the latter case a connecting traverse line 
will be recorded, if one is run, but it will also be reduced to the 
equivalent direct course and distance, all of which will be stated in 
the field notes, and the course and length of the direct coimecting 
line will be shown upon the plat of the survey. 

191. If a survey is to be concluded upob an irregular boundary 
at variance with tiie lines of legal sub<fivi8ioii, or if the survey is to 
be continued on a blank line to acquire a definite location upon the 
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^ippotitA in^gukr bouudwyf but vilboat inwumi«<tiii^ lie not 
tiQgal«r survey betwMB mdkt i!gnga\MiL boutidaiiei) a eloelng Umrn" 
Mp or Bectton owner, as the csm amy be, vill be MqixiEed at tiie 
psfait of interaectioii «f the regukr wi^ the irvsgular fine. Ou tin 
ethet hand, if Ihe survey is not to be so concluded, bntis to be coat' 
tiiuied for the pnipoaa ci estabUshing a fuU oom f^ Umsnt of secdoB 
and qiiartetfueoiim mowwu Cor the oontioi of the snbdhrisioii of A 
Motkn so inrvttded by a pfiv»te claiu> no dodng comer wilk he 
le^vjred. 

Its* In Qiwry case where a olosiaoig towsdop or section comer is 
to be established upon astandanl paraU^, St«te, teMrvatioA, gnititi 
er dafan boujadary, or upon an inegitlar section line or exterior, the 
Hue dosed upon (if the Isitter was not established by the surreyor 
^^o runs the olosjbig line, or if not ahMUty retraced by bias), will be 
tietraoed betireen the 4nt oomem to the ri|^ and Wft of tiiie point 
for the closia^ comer, in ordcor to detsralne the exact attneMcpj^el 
tile line closed upon, to the end ttwt the dosmg oooMr may hm 
established «t^ precise point of iateneotioa of the two lines. The 
distanoe from the oksing comer to the nearest costter on t);ie line 
<el06ed upon will always be measured and Tecorded, 

SUBDinSION OF SECTIONS, 

IM. The acts of Congress approvied February 11, 1B05, and Aprtt 
5, 1832, contain the hindaineiital provisicms for the subdiVttaon of 
aectibns into quarter sections and qtiarter-qustHer siections; the prm- 
ctples recogznzed by law have already been stated in Chapter I. 
Vbe sections are not 8iU>div!ded In )She field by the United Stateti 
surveyors unless proTisian therefor is specifically m^rtloned in tiie 
written spedal instructions, but certain subdivision*of-sec1ioti lines 
are always protracted upoti the ofilcial plats, and the local surveyor 
who may be employed by entrymen to run said lines in the field ia 
compelled to correlate the conditions as found upon the ground 
with those shown upon the approved plat. Ilto United States sup- 
ve3ror is required to so establidi ^e ofiScial monuments that a 
propel^ foundation is laid for the subdivision of the section, whereby 
the officially surveyedlines may be identified and tbe subdiviedcm 
of the section controlled as contemplated by law. 

194. 'Hie rectangular system provides f6r the unit of dispossA 
under the general land laws, broadly, the quarter-quarter section di 
40 acres, upon a plan in which the square mile, or section of 64B 
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wates, id ihs ludt of sufodmedoiiy wMle 1%e unit of taatv^yia the tomtu- 
flliil^ of 96 s^otbiiflv All agtictiltural entries' A10 bated upon ^tepdp- 
tiODB in acoc»dance with le^ sidadiviaioiks Bhovm ii^ii.-tli» cA^ 
«ial plat. Ibe plats are constmcled in haiteoiiTf mth tke officii^ 
field notes returned by the -surveyor. The land includadj]B.^a& 
«i}try ia identified on t^ ground by fixed moaitwnenta egtfebliBto&d 
by the Burvseyor . A United Stateis land patent geioito tcK Aba* (sntoyr 
aban a^ title of opoMitdiip to a< thtct'defii^ed by dertam-fixAdinoiMir 
ments on the ground and related by description and outllHAitK^tbe 
offioial.plat. The function of Iks United :^atei 8ur¥eyor hafr toen 
lulfiUedwhen he bas properly exeduited «ad numunlentei hit survey 
aiid iretumed an official lecoird thereof in the shape of 'ocMa^l^te 
detailed fieki notes and a plat. The iimc^tiafm. of the loc$X ttirveydr 
beginvvhen he is employed AS an expert to ideittify the lands wbkik 
havQ passed inHoiprivttteowiienhip^Ais ma^ berarsivipleiol^it moet 
JNOmfAeK piDbkuQ) depending laii^ly upon the. condition of. the 
eiiginai masumentB as afi^ted ^rincipafly Joy the, lapee of time^iatfe 
^e executiott of the official survey. The woak of the local smvi^yor 
vmX2Jfy includes the subdiviidon'of the section,' alDeady mentioMd 
as the official unit ol subdivisieD^ into the fmetftokuil parjte fit^im 
upon the approved plat. In Ibis capacity the local surveyor is per- 
forming a function contemplated by law; a&d'he can not properly 
fierve hia diei^t or the public unless he is fanpliar witb the J^gal 
]requJEcemen,ts concerning th|e subdi vision of sections,.:. In the event 
.th^ tho original mpniunejUa Ixave bec9iBie. lost the . s)Lfrveyor can 
;i|ot hope e^fiyely to recovi^r said comers mtliput aluU uiid^- 
standing <^f. ^fecjc^d concerning their original establishment, XHtf 
,ca|i ^ surveyor hope legally to restore the aame until be hs^ 
jnaat^rejd not only , the prindiies ob§^rved in the executipn pf the 
4>riginaJl survey^^l^^t the pr^jiciptes U|»n which tbe coiyrtis bavijog 
juyisdictipn over sfuch matters ha,ve based ibj^ rulings. 

19^. The Q^neT^ L4md Oiffice assumes no conitrol or dixectio^ 
^ver the acts oi Ipcaltand county surveyors m the matters of subr 
^yiidon of sections and. reestablifihment of lost comers of original 
.purveys where the* lands )mve ,p^i^§ed intp pnvate ownership* 
/npr will it i^sue in^ructions in such fiaaea. It follows the 
general rule that diapiutes, arising from uncertain or erroneous loca- 
jtum of comeocs, originaUy. e^blisbed by the? United Btates, ace to 
i;be setUed by the proper local authorities or by amiicable adjustp)iient» 
^md the office desires that the rules controlling the acts of its ow^ 
^nirveying service be considered by all other surveyors as merely 



advisory and explanatory of '%6e^})^ciple8 which should prevail in 

S^Bofifil^wJch'dntfesr ' -~ y - ,-~j : --;- 

.The subject o| restoration of; lost corner^ will hfi treated :i^ a 

'. iter chapter , as the purpose heije is to putline l^e principWcbn- 

»nung the subdivision oi sectiibis^ which will be recognized ailike 

yj the General Land Office surveying service ai^d by all local- jsur- 

■^yors. ■ _ i '*' ." 

i St7;9PIVIS;ON >Y PRpTB^JClTON. - , , 

j ' " ' 1 ' ' ' ■ ' J 

• 196. Upon the plat of all regular sections the boundjaries of the 
garter sections are shown by bjooken straight lines connecting the 
opposite quarter-section comers^ The sections bordering the north 
luad west boundaries of a nomial township, excepting section 6» 
ire Jurtitier subdivided by protraction into parts cpntedning twp ri^u- 
tar half-quarter sections and four lots, the latter containing the Irac- 
tional areas resulting from the j^lan of subdivision of normal town- 
ships; the lines of the half -quarter sections are protracted from three 
p6ints 20 chains distant from the line connecting the opp<>site 
quarter section comers, two of siid distances counting c^ the oppo- 
i^te sectioj^ lines and one CQunticki>i^ j^Jiji^Q.betwi^A tl^e fractional 
Quarter sections; the lines subdividing the fractional half-quarter 
lections into the fractional lots i are protracted from mid-points on 
tfhe opposite boundaries of the f^tional quarter section. The two 
^terior sixteent|i-section comerEJ on the boundaries of tli^e fractional 
northwest quarter of section 6 ar^ similarly fLxed at points 2lb dtains 

iigjajit ^lorth aivd w^t from JM -CfintfiT.ftf the sec^iQXu fe(aK::ivdiich 
points lines ar« ^?ot)9ipted to^co^eaiiott^g p^pinte oa the west and 
north boimdaries of the section, resulting in subdivisions ocmtaimng 
'^iie riB^ar quarter-quarte and three fractional lots., Tke 

Iractiodtal lots herein described win be nutubered in f^ r^gulat'seniBS 
progressively from east to we6t or from north to south, in each sec- 
tion. :As secti(m 6 borders oil both the north and west boundarijes 
J of the township, the fradtion&l IoHb in the -same will be niucabered 
I oc^Emiencing with No. 1 in thje northeast, thence ptogiressively west 
, to No. 4 in the northwest, and south to No. 7 in tha southwest frac- 
j tional quarter-quarter secticm. 

Entrymen are allowed, ui)der ^e law, to acquire title to SJXy 
' regular quartet-quarter sectioii, but as such subdivisions aire aMquc^ 
, parts of quarter sections t>ased upon mid-point protraction, ft is not 
deemed necesrary to Ic^cat^ the0e Unea upon th^ ofidal plat^ 
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ExamDles of subdivision of frastknial sections. 
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197. Sections which are invaJded by meamderable bodies of wat^, 
car by approved dsdimr at variance with the regular legal ^ubdivisiojMi, 
i(re subdivided by prot^tion into r^ular-^txcTfractieBal p^urte «s 
ijifiy b^ neceesary to form a suitablei ba^ for-the eiitiyollihe public 
iknds remaining undisposed of, and to describe the latter separately 
ipid apart from the segregated aleas^ 

i The meander^iine of a ^bo^ of water and 4he boundairy lines ^ 
I|rivate claims are phctted in abcoixlailce with lin^ run or connec- 
tions made in the fi6ld; thereu^n the sections so invaded are 8u1>- 
divided as neiurly as possible- in cofifQr^ty with {he imiform plan 
4ready outlined. The subdivjsioit-ot-ftection lineb are terminated 
at the meander line or claim boundary ^^ as the case may be, but the 
p os ition xft tiie subdi v jglun -^-4ection Hnes is .fuu lr uljed {jredfiBSty 
as though the section had been completed regularly. In the case 
of a section whose boundary lines are in part within the limits of a 
meanderable body of water, oi within the b<^uiifi|iries of a private 
elfin, the said fractional sectioci lines eHe^ fc^r the |>urpose of 
uniformity, con^pleted in theojry, and the ptottacted position of 
th0 subdivision^f -section linei is^ contro)lled . by th^ theoretical 
pointd so determined. i '^ , 

iLdS.Ijx. the subdivisioa of iractiional sections aa many regular 
pajrts should be secured as pos^ble, except to avoid thus creatii^ 
poorly shaped fractional lots. Sldll iand judgment must be exercised 
to;^iC€omplish a subdivision whdch ; embraces simjdicity of plattir^ 
asfwetl as a form to each and evefy l(J)t that will prove to be equitable 
to'the entryman. In the case of fractional lots along'^the north and 
w j w t boundaries of a township, anct in other similar ras^s" where a 
lot has a full normal width of 20 chains in one direction, it is gen- 
erally advisable to avoid areas of less than 10 or more than 50 acres, 
but in the instance of fractional lo^ along a meander line or other 
iitegular broken boundary, where t^e width of the lot in both direc- 
tions may be considerably less thaii 20 chains, resulting in tracts of 
niore compact form, it is genemlly better to avoid an area of less 
t^an 5 or more than 45 acres, "the purpose of the aforestated limits 
is*to t^eate fractional lots oi dimensions that wilLiadlitate^ all ^tries 
b«ing^ made in a form that is iptibnal with the entryman; an ad- 
herence to this practice will greatiy reduce the necessity for the coii- 
struction of supplemental jdati? nc^ -frequently demanded for no 
other purpose. Extreme lei\gth^ or narrpw widths should be avoided ; 
thfB longer direction should exten^ back from a meander line or 
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daim boundary latberiJHUuJffng-tlla ssma It ia inconaistent that 
ft frai^p4l,lojb.}i^,pa^7 ^^t^^o ae<;tjoBS| awl it ia^ gez).eraUy better, 
when ooQ6isteat;yfit;)3L\o^er irulei?,, tp avoid Ira^ftioii^l lots eo^tendu^ 
irom one iu^ anotberiractipual guap^ ? 

199. .Tq BQCUII9 f^ uniform system i^^ i^i^nberl^ lota of ^racticma) 
pections, iiMiludin^ thQ6«^,.apoye ,9ppcified, ima^e the aectioii 
4ivi4<ed,by parallel ^:tuflinal lines int^o tiers, numbered from 
jiorth.to spuUi; then,, beginni^ ,with the eastern lot of the, north 
tiej^ call it No, 1, ^d pp^tji^ue .tii^e numbering V^t through the 
tier, then east in the second, west ,in the ijmd^ east in the fourth 
tier, etc», until ^r^»<^tion£d lots have been numbered. A lot ex- 
tending. north and- flipjutb through two,, or part of t^o tiers, will be 
number^ in .the;tier containiing its greater area. . In case any tier is 
without numbened ^otf^tihe n^u^berlpg will be eontin\]^d in the 
next tier to the, south.. This jpethod, ol numljering will apply to 
any part, of ^ sp^tioi]^^^ A,.^jC|^flu,t}iat has been partly survey^ ^ 
different times siiould have no duplication of Ipt numbers. 
. 200. W^m^f .l^,fipaaoD[ of ii[i:pgulaf sury^jra ^ from oth^ p^^^f^* 
the ieogth of a township irpm. south to i^orth exceeds the i^egular 
length of 4^0^ ^lif^np^ or ,the,,T^dth from east to west exceeds 48^ 
chains, to such an extent as to reqiiire two or more tiers of lots aloqg 
the n^o^fih-bpuncjj^y^^ or Jtw ojc.waore roq^ of lots along the west 
,boui^df!tf:<y> ^ i^ ,qs^ m^ybe, th^ entire north pr west portions of 
said ^^ti|Op£| beyond the regular l^al ^ubdi^^isions usually provided 
in thesp fi^tjipWi .witt be suitably lotted,.- apd to. eacli lot will be 
3ssigpi^,fi'propei: Awmb^r. C^rta^. f^^eptipi^ tp thw.irule will be 
ioijm^ in Cl^teo^ .VII, in \h^ inet^e of townebips which possf^ 
^Wrmal dimrensjiop^ in one,or both. directions. 

201. If the first meridional section line of a township has been 
ertablished as a^sec^ional sniide meridian, or the first latitudinal 
sectum l^l^/^enreslfS^l^ as. a sec^ox^ correction line^ 
iractlpi^l }9^\nll,'res\iit #dpi;ig,the e$»t or south boundary of the 
to^^nship,,,^., existing conditions may necessitate. Thus, where 
either, th^ east, or spilth boundaries of a towi^ship axe defective in 
alinement (and not subject to rectification before subdividi^), th^ 
secti^PI bar^erog^fiuph defective boundaries w^l be subdivided by 
protraction in accordance, with rules similar to those which operate 
Jin regard to sectic^ bor^ljeriAg the nprth and west boundaries ol a 
normal township^ Othe^r examples of subdivision .of sections will be 
found under the ge|ieral su})iect of ^'fragmentary subdivision." . 
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suBimnaiOK bt^siib^kt. 

' W2. The rules for subdivision of sections by; iK^ual survey in the 
^eld are based upon the laws governing the survey of the public land^. 
When cases arise which are not covered by these rules, and t^® 
advice of the Oeoeral Land Office in the matter is desired* the letter 
of inquiry should, in every instance/ contain a description of the 
IMuUcmlar tract or comer, with reference to township, range and 
section of the public siurveys, to enable the offide to consult tile 
tecord; also a diagram showing conditions found, giving distances 
in chains and links and not in feet. 

208. Preliminary to subdivision it is essential to know the actual 
boundaries of th^ section, as it can not be subdivided legally until 
the section comers and quarter-section comets have either been 
foxmd or restored by proper methods, and the resulting coiirses and 
distances determined by survey, Hie practice) of entering a section 
to survey a tract from only one or two corners, tod ^ose perhaps 
unreliable, is unlawful. 

204. The order of procedure is: Pfrst, identify ot reestablish the 
boundary comers; next, fix the lines of quarter section]^; then, form 
smaller tracts by equitable and proportiohate division, according 
to the following rules: • 

206. Subdivision of aecHons intd puxrier wet^ons, — ^Uiider thfe 
provisions of the act of Congress approved February 11, 1805, Ae 
course to be pursued in the subdivision of sections into quarter sec- 
tions is to run straight Hnes from the established offidal quarteav 
section comers to the opposite corresponding comers. 'iThe' point of 
intersection of the lines thus run will be the comer common to the 
several quarter sections, or, in other words, the legal center of ^e 
section. 

' Upon the lines closing on the north and west boundaries of a 
regular township the quarterHsecHon comers are establidied by the 
United States surveyors at ^ cludns to the north or west of the last 
interior section comers, and the excess or deficiency in ihe measure- 
ment is thrown into the half mile next to the towndiip or fitnge Unfe, 
as the case may be. 

Where there are double sets of section comfers on township and 
range lines the quarterngection comers for the sectiomi south of the 
towtu^ip lines and east of "^e range Knes have not always been 
established in the field by the United States surveyors, but in sub»» 
dividing such sections said quarter-section (homers should be so 
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placed 80 to soit the calcula;tioiiB ^ the areas of the quarter sections 
adjoit&i^ the towiMliip boondarieB as expressed upon the official 
plat, adi^ydng po^gxiirtkmate meastvementa where the new measui^ 
ntentsjof the north or west boundaries of the aectioti differ from the 
original measoieD^nts. 

i06. AMwinpH of fractional aee^iont.— The Uw piovidee that 
isiieire ^ipfoti/im ccuraBpondiBg qiiarter-eectioii qofners have not been 
ot can not be fixed, the iubdividon-of-flectkm lines should be ascer- 
tained hy running from the established comers north, south, east 
ot west lines,, as the case may be, to the water course, reservation 
line, or other boismdary of sudi fractional section, as represented 
upon the offidal' plat. In this the law presumes the secti^ lines 
siweyed «nd maAsA in- the fi^ by the U&ited Skates sufveyera to 
be due nc»rth and south or east and west lines, but this is not usually 
thecwiB. Hence, in order to carry out iSt^ spirit of tiie laiw, it will 
be necessary in rtmning the subdivisional lines through fractional 
sections to adopt mean courses, where the section lines are not due 
likiee, or to run tiie subdivlsion-ofHWction lines parallel to the eaM, 
a^uth, west or north boundary of the section, as conditions may 
rfqujjre, where there is zm> oppodte section line. (See sec. 197.) 

207. Suhdmeipn of quarter 8ecti4m$ into quarter*quarter aections,^^ 
IfreHminary to tiie subdivision of quarter sections, the quarter- 
qjuarter- or sixteenth-section comers will be established at points 
nlidway between the section and quarter-section comers, and 
between the quarter-section comers and the center of the aec- 
tioUi except on the last half mile of the lines closing on irr^^ar 
boundaries, where they should be placed at 20 chains, proportionate 
meagurement, counting from the regular quarter-section corner. 

The quarter-quarter- ot sixteenth-section comers having been 
eatabHshed as directed above, the center lines of the quarter section 
^11 be run straight between opposite corresponding quarter-quarter- 
or stxteenth-eection comers on the quarter-section boundaiiies. Tfbe 
iatersection of the lines thus run will determine the l^^al center of a 
<|uarter section. 

S08. JSubdivmon of fractional quarter sections. — ^The subdivisioiial 
lines of ik^tctional quarter sections will be run from properly estab- 
lidied quarter-quarter- or sixteenth-section comers, with courses gov- 
erned by the conditions represented upon the c^cial plat, to the 
lake, water-course or reservatioai which renders such tracts frac- 
tional. (SeeeaQ. 197.) 
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The above examples of subdivision by survey show the relation of the ofQcial measure- 
ments and calculated distances to the remeasurements, and indicate the propor^ 



. CTVTBlCtOr BBGTitN(KJLAR BURVX^ 183 

• 

ksvingitkefsaniQ T8tio> ta tiiftt recorded' in tile cirf^nai fi^ld notoB aa 
^8 leagthof tbe liii6 fcy i» moMmqiateit besm todta^ieBgih as ginrait 
i^^theieedrd. BMnbmkAB-^imsnptdHAm'^ lmime a n iottmefad iiw< 
mea8iirementimAygeiie]ilaU7]iM[«i4ieoted« SrrereiBagrnoccar^diiiyagh 
many canaes tmd SI19UI4 b® ^ (^fully avoided.in re-meaaiirements 
aa in original surveys. Instead of the ol(i practice of ''adjusting 
the chadn" to htAt thd foiltti^r meamire, th^ disfalnt^^tain^lby 
a pre<^ Method' is oobiparedirHh of the reeonl, and kh.% 

cdKvt6ge or snrpltis is iedmptited by ptbpoition, prodiidsg the Mmi^ 
lesttlt in a more r^iiible manner. For examfplo! The Ictagth of ^^ 
Hne fttim the q^kftrtei<;Si^etibn oorner on th^ 

2 to th« liorth lino 6f the toirnship, by the tlnffed States emrveyor^ 
n&easnr^nieiil^ wais rep(nrted as 43:40 chains, and by fAxe county stnv' 
veyoi^^dieaisnrement^pv^ found to be 42.90 chains* then tho distance 
Which' the quflrteis<ttisrt^ ^ Mxteenth-section oohaet should hfi 
bk^ted north (tf ihe •qA^eflrngection comer wduM he deti^nined b^ 
propoMon aslbtlbwe: Ad 4B.40 chains; Ibe offidal measttfem^t i( 
the whole distancfe/is to'42.f6chainii, the county survejroi^'sBSfiasiireM 
ii!l€tat of thesame distance, so id W chains, original meastirettient) to 
19.77 chttins hj^i^<im^ s^yv^^or's measurebient, sbdtdng ttef 
bjr ptt^rtiona^ irifeasttrMaefit in this "tAM '^e quartei^quntep-^ 
8&xteenth4eoila^ comeir ie^ould be set at 19.77 ' chains n(»^ of ikaf^ 
<|iiarte^-sectioii 'C<»iieVlnst^ of 20 dhains noith of said com«; ai^ 
K^t^dsentdl on ttie ^fftdklplat. ' In iMs mMi^et l^e'disesrepaitctoi^ 
between (»igin«l aM neir meitfmi^dments are equitaH^ly dlstr^bmted;' 
^10« By way of teeapaitulaiik^ it i^Mmld be emphasised that when": 
entrymen have abquired tMef to certain legal subdivisions tiliey havci 
becmneihe owndis of1^:id^krticiil*gloitBd avea nepres^ited by the* 
8ainesubdi?MonBU]pK)nthe<£lcialpl«t. Itltfamattel'Of expettoi^ 
te6hiaicid procedure tbHaatk <kt ihe legftl* sdlbdivisicmA' called ^for ^ 
a-pattdnt, and ent»3ni»en^ttreP^ vised tjiat a competidnt surveyor 
should be employed. The sim^6yoi^ must necees^ly identify 1Im[ 
lEMetlon boumbtfietf and 4ocaite>die'legaI center 0^ 
determine the b)Oii!DdiiHei*t)f a-quftrter sectiott. Tkm, if the boim>^ 
daries of quarter-quarter efoctions, or fractipnal lots, are to be deter- 
mined on the ground, the l>oundane8 of the quarter section must be 
tt^BimB^^ aad'tfa^faiicteeiiyk^^eocl^n c6mers4hereon shouldbe fixed 
ii|[«(eeotdance 'wl^'ih^'ptt^ik^iibnalt^^ the 

a^^^pmved i^at, 'tiiei!eup<A< the 1^1 center' of the quartet section 
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In«y<bvdafyiaeatod4 13iU8 will b^fmxiuoci intlmfteAdihaflgttze 
sepranntDd n^oii.tb« pUut, every part olth» former in tr«e pcopON 
tixm ^ thft lattery wiieM t&e elemeate ^ dbaoime Utenoeand la«ik 
lM»reigtTKii ttwaiy to fsoniis^WKidn^ prnpottxaotA unite ai defined bjr 
IfapBdimoitniiwila eetafalfelied in ^ arjgi±iai euFvey. . 

PBAGMfiNTAttt SUBDlViatON OF TOWNSHIPS. 

Sll. lalliepfieoedingfuiic^OQveiiwthepibj^^ 
cif pofWfuM^ every aamiaptioQ was baae4 upon ioitiatiAg the aub- 
diviaow^ aurvey upco regularly eatabUabed exteri^, or, wbea 
n oQo m at yt a. pyitional guide isendiazi or a sectipiud con^c^dxm line, 
or betli, ifere to be eatabliehedy xt^poa wbicb Bested tha c€aitix>l of 
the mibdiyiflioii of the township. The. eubdiviaion' oi eyery lul|i 
tevnehip qaay lUwaya be governed by the aforeatated rulest but many 
ether factore operate in detennixxing the m^pd and (Hdec qt pro* 
oeduio to be adopted in the instance of imatifm^ townfihipa vhicb 
liave no M«ear south or eaat iM^wUry,^ or ii^ ihe.case crf^ntinuiog 
idth the eurvey of partially subdivided towiishipsj, i^ere one or moie 
ol tile peeviouisly established secticMi lioee.may be found ttx be 4^- 
lective in reiqiect to the rectaaguhur Us^iit, or whwe peirtially sur^ 
Teyed sections, or sections ccmtaining outiiy^ig i^rea^ protracted aa 
mrvieyed, are to be comi^ted. Tho s^rv^or can not hope ^ 
QDHiftMr ]the subject of fragmentary eiubdiviaon of townships until 
1m lias become thoroui^y familiar witii emry questiw relating to 
tb^iSidNlividon of sections, nor is it possible lio give in the Manpi^ 
9h examine of every intricate problem which mi^y be encomitored. 
im the fi^d; thus the following diacusoion deala primarily with the 
pomiiplefii which must be conodered i^ the. ^Mt operating to. 
eontrol the mirveyw's method and OTder of procedure. Itispoaiible, 
however, that oases may arise so complex in their ch*vaetar ae to 
IMMttce a feeling of doubt relative to the {MTopw s(^ution of the pc<eb* 
Ism; in which case the Burveyor will a>t onqa cmnmunicate nith the 
paoper supervisiag officer, submitting infonnati<»i, by letter and 
diagnun, of the exact condition as foutid by him, and tib^e aecessacjr 
instructions will be forwarded as socm m pi^etioaMe. 

FBACnONAL TOWNSHIPS. 

812. Wbi9i» by r eaa an of (he {wesen^ee of a large meaiideRahlei 
body of wator, impassable objects, a State «<vre0arvation or gsanti 
boa]idary,<Nr lor other flimiyiar reasona* township is made fmctimiaL. 
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and is without a full linear Bouth or east boundary, and it has he&i 
found advisable to run section Unest as o ffti e lst o the township ex- 
teriors, the fractional sectibn lines soutjiiaod oast of said controlling 
lines will be projected opposite to the usual direction; the iiactional 
measurements on said lines and tl^ resulting tractiDnal lots will be 
placed against the irregular boundary. If similar conditions obtain 
throughout the north or west part oi a fractional township no depart- 
ure from the regular order of subdiyisMm becomes necessary; in all 
such cases the fractional measurements on the exterior and subdi- 
visional lines, an4 the resulting fractional lots, will be placed to the 
norih and west against the irregular b ou nd ary, 

218. Where on account of impassable objects or for othet reasons 
no part of the south boimdary of a toiifnship can be negulariy 
established) the subdivision thereof mfty. proceed from north to 
south and from east to west, thereby throwing all fractional meas- 
urements and areas against the west boundary and tiie tteeaderable 
stream or other boundary limiting the township on the south; if the 
east boundary is without r^^ar si^ction comers and the north 
boundary has been run eastwardly \fls a true liil^y with secticm 
comers at regular intervals of 80 chains, the subdivision of the 
township piay be^ made irom west taeast, i^^ jKJdch case the frac- 
tional measurements and areas will be thrown against ^e irregular 
east boundary; on the other hand, if the notrth boimdary of sectum 6 
is fractional, a sectional guide mfiridlan will ba initiated at the 
easternmost regular section comer on the north boundarjr of the 
township, which will be projected to the south to take the^place of 
a governing east boundary, thus the subdiViedonal survey would Be 
projected from north to south and from east to west, with, ^^actional 
measurements, and resulting fractional lots, on the ^ist, south and 
west boui^daries of the township. The accompanying diagtams are 
illustrative of the principles which operate to control the subdivi- 
td.€fD. of partial townships. . 

214. A, very conside^ble class of surveye now comii% before the 
General Land Office embraces the continui|tion of the subdiviskmal 
survey of iowtirfiips previously subdivided, in part only, fr^uently 
including the completion of partially surveyed sections ot of sec- 
tions containing outlying areas protracted as surveyed. If defective 
conditions are encount^ired in':ihe ]Heviottsly estaMislMd^urveyB, 
the problems concerning :tlie probedure to be adopted iiultiply 
nqjidlyand require the greatest skill, on the part of the surveyor. 
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In the construction of new t^wnghif) plats the former practice of 
showing certain out l yi ng areas^at Bet ' tiunH p r mjacted as surveyed 
has been abandoned as unsatisJacto^ and inconsistent with the 
surveying laws. 

RETRACEMB^TTB . 

216. Practically all fragmentary surveys requii© more or lees re- 
tracement of the original surveys in order tg identify the initial and 
closing lines; such retracements will always be accompanied by the 
restoration of all lost comers adjacent to the sections embracing, in 
whole or in part, the areas to be included in the extenaon survey, 
innao-far as the section or subdivision-ofna^ction lines contiblling the 
new areas may depend upon the position of the previously estab- 
lished comers. The surveyor will often be required, in order to de- 
temdne properly the position of a lost comer, to retrace additional 
lines which are not the boundaries of sections contakung the new 
areas to be surveyed, but no reestablishments on such lines are re- 
quired. The theoretical position of a lost corner may be at variance 
with an unofficial comer established by local survey, accepted and 
recognized by the owners of the private lands affected; thus much 
trouble between landowners is avoided if the reestablishments are 
confined strictly to those corners which control the position of the 
section boundaries or the subdivision-of-eection lines affecting the 
public lands to be surveyed. A general exception to the foregoing 
rule will be made in the case of identified original comers which 
are adopted as a basis from which to control the reestablishments 
bordering the public land sections; such original comers, if Hot in a 
good state of preservation, will be reconstructed in first-class order, 
a complete record of which will be embodied in the field notes. All 
restorations of lost comers will be made in strict accordance with 
the provisions of Chapter V of the Manual. In the instance of de- 
fective conditions contained in the previoui^ established lines, ex- 
ceeding the rectangular limit, even though all original comers may 
be fully identified and in a good state of preservation, the necessary 
retracements of the section boundaries will be made in order to de- 
termine the factors entering into the closing error and to furnish 
suitable data for the calculation of the areas of the residting fractional 
lots eml^aced in the extension Survey. 
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COMPLETION OF PARTIALLT StTRVBYED SECTIONS. 

216. Many ^iwignmentw iar fragmftntatywirveyB require the com- 
pletion of the •uTvey of portions of boundaries of sections heretofore 
unsurveyed, in whidi sections are contained areas fixed in position 
by less than the regular complement of comers usually established 
for the identification of the l^:ai subdivisionB <d th^ section. In 
the completion of such partially surveyed sections, the surveyor 
will be expected to give fi^ consideration to the manner of pro* 
tecting acquired rights based upon the former approved plats. 

The following ten principles are distinctly applical^e to the sub- 
ject: 

Ist. The legal procedure governing the subdivision of any 
normal section into quarter sections is based broadly on the 
principle that the partition lines may- be <iefimtel^ fixed by 
four opposite quarter-section comers established on its bound- 
aries; the intersection of the tme center lines thus controlled 
is .the legal point for the interior quarter-Bection comer of a 
section. 

2d. The legal j)rocedure governing the subdivision of regular 
quarter sections into quarter-quarter sections is based broadly 
on the same principle of controlling lines projected between 
opposite sixteenth-section comere or the quarter section, the 
latter comers established at mid-points on the true lin^ bound- 
ing the quarter section: the intersection of the tme center 
lines of the quarter section is the legal point for the interior 
sixteenth-section comer of such regular quarter section. 

3d. The legal j)rocedure governing the subdivision of sections 
containing fractional lots into their component regular quarter- 
quarts Bections smd fractional lots is based on themme principle 
with the simple modification that the sixteenth-section ccnuers 
on the boundaries of such quarter sections are themselves 
established at distances conformable to the proportions shown 
on the official plat. 

4th. The fact that the full complement of lour section comers 
of the section and all of the four opposite quarter-sectian comers 
has not been established in an accepted survey does not impair 
the validity of any areas shown upon the approved plat, and 
the legal procediu*e to be adopted in the extension of the bound- 
aries of such sections must be such as to fix, witMn reasonable 
limits, the remaining (quarter-section comers in a position 
which will protect the int^rity of the original areas oy con- 
trolling center lines connecting the old and new quarter-section 
comers. 

5th. In the rectangular system the section is recognized as 
the unit gf subdivision, and in XMr<>cee<}iu^ with the extension 
of fragmentary siurveys first consideration must necessarily be 



.'' 



flIBSnCM lOF TmOSAlSmJILAM SUKVJBYU. 



191 



" finite. 



wmmmi^ 



I 



60 



I 



60 






I 



1 




«? 



5 






6 



« Shown OS 
re^uiar. 

1 



ntrvf/m/fo S 




Eist bormdary of section out of limits Inmcasurement; soutlieast quarter protracted 

ta sorreyed; and section to be completed 



102 MANI7AL OF fttTlTSTINO HftfL'MA/NONS. 

eiven to the completioil 4i tll0 survey of fractional oectioiifl. 
No invasion of the original ni^t is ^lerable if any portion of 
such mnt has been su r vey ed, pr if outlying -areas have been 
shown protracted as surveyed. 

6th. ^'Reasonable limits'' for the fixation of the remaining 
quarter-section comers of a section in a positkn which wiU 
protect the integrity of the original areas of such section mB>j 
be considered such as for alinement when not to exceed 2r 
from a cardinal course, and for measurement whea not to exceed 
25 links from 40 chains where the opposite portion of the section 
boundary is shown as 40 chains, or in proportion as a limiting 
differecnce when the opposite portion of the section is more or 
less than 40 chains. This concession as to limlfts is made in 
the interest of simplicity, where* by such concession rectao^- 
larity of both the old and new surveys may be maintained if 
so harmonized. 

7th. The position of the new quarter-section comer which is 
to be established on the new opposite boundary of a fractional 
sectiop will be controlled from t>ne direction only if the old 
opposite distance has been made to coimt from one direction 
only, and the controlling measinement will be made to harmo- 
nize with the length of the opposite portion of the section, but 
if the old opposite distance has been made to count from two 
directions tne position of the new quarter-section comer will 
be controlled from the two directions and the proportional 
lengths of the two portions of the new line will be made to 
hamionize with the proportional leneths of the two parts of 
the old oppo s ite boundary, all as indicated by the distances 
and aiseas snown on the original approved plat. 

8th. The und^lying principles governing the rectangular 
surveying system are equally applicable to the completion of 
the survey of fractional sections, and given a condition in an 
ori^al survey which in all Its various elements is "within 
limits^ within the meaning of the rectangular surveys, the 
simple plan of continuii^ in the same manner and order as 
would have been adopteof in the (»iginal survey, if the same 
had not been discontinued, will accomplish usually in its 
simplest form the completion of the survey of fractional sections; 
this becomes the first duty of the surveyor before proceeding 
with the survey of additional sections, ao that should irregularity 
be developed, no invasion of partially surveyed sections can 
result Irom the irregularities of other sections. It follows in 
principle, whim irregularity is developed, that the surveyor 
will be best pr^Mred to determine the proper method of survey 
adapted to proems simplicity of correction of existing irregu- 
larities and an early resumptioa of regularity, when ne is in 
possession of full data concerning the conditions of all IJie old 
lines li m iti ng the fragmentary surveys and upon which the 
new lines are to be initiated or closed, his knowled^ h&Jig 
based upon the results of actual reti^acement of such irregular 
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old lines. It must be gimnted that a skillful exercise of judg- 
ment by thf furveyor based upon his knowledge of the facts Is 
ixr more desirable than to restrict him to the application of 
empirical rules devised to cover possible, but mnimierable 
combiiiations olirregularity. 

9th. The completion of the survey of the partially survejred 
seclions will be made as nearly as possible in accordance with 
the regular rules for subdividing when the original lines are 
found to be within limits, otherwise, such sections will be 
completed by surve3dng all lines in such a manner that each 
and every section (excepting in cases of imavoidai)le hiatus or 
overlap) shall- have four regular boundaries without offsets, 
with four governing section comers and four controlling quarter- 
section, comers in such positions as to maintain the int^ity of 
the fractional areas already shown upon the original plat. The 
subdivision thereof may tnen be made by connecting the oppo- 
site quarter-section comers in the regular manner with resulting 
locations agreeable to the legal subdivisions shown upon the 
original plat. If an hiatus oir overlap is unavoidable, the position 
of the new quarter-section comer or corners will be carefully 
determined for latitude on a meridional line or for departure 
on a latitudinal line on the same plan as would have resulted 
in the reguli^ survey of a new boundary extending in full from 
the one or two directions which control the position of the new 
quarter-section comer or corners. 

10th. Adjoining sections must be considered separately 
when placing the new quarter-sectic^ o^m^ps, and the new 
ccmer need not be common to the four (]uarterB of the two 
adioining sections unless the theoretical position for each section 
falls wxtnin 25 links of a common point in which case the differ- 
ence may be adjusted in such a manner as to secure maximum 
regularity. 

217. Let it be assumed that adjacent to two established section 
Unes, the meridwnal line of which is out of limits in measurement, 
an outlying regular quarter section has been protracted as surveyed; 
then to complete the section the new section lines will be extended 
from the pre\iously established section comers, parallel to the 
opposite established boundaries, or mean course thereof, to a mutual 
intersection. The quarter-section comer on the new latitudinal 
section line would be Established regularly at the mean point, and 
would ordinarily be marked to control the subdivision of two sections. 
On the new meridional boundary one or two quarter-section comers 
may be required; one marked to control the subdivision of the section 
under consideration will be established at 40 chains from the original 
section comer; the same quarteivsection comer would be marked- to 
control the subdivision of the adjoining section if the fractional 
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measurement is to be thrown in jtlbe eame direction in the two sec- 
tions, otherwise an additioiMJ qiiartei^««G4ion comer marked to 
control the subitivision of the adjoining sectlosi would ordinarily 
be placed at 40 chains from the new section comer. Again, let the 
same condition be assuo^ed with the exception that the latUtidinal 
section line inatead of the meridional line is found to b4 defective in 
measurement, 'then, to complete the section, the new meridional 
line would be surveyed as in regular subdivision, piM*allel to the 
opposite meridional line, or mean course thereof, ordinanly with 
quarter-section and secticm comers of maximum contlol at 40 and 
80 chains, respectively. The new latitudinal section lixie would then 
be established on a tme line between the section comets, and one or 
two quarter-isection comers will be established as liequired; one 
marked to cqntrol the.Bub<Mvision of the section under consideration 
will be established at 40 chains from the originial section comer; the 
same quartelr-section comer would be marked to control the sub- 
division of the adjoining section if the fractional measurement is 
to be thrown in the same direction in both sections, otherwise an 
additional quarternsection comer marked to control the subdivision 
of the adjoining section would ordinarily be placed at 40 chains from 
the new section comer. 

218. Let another flaaumption be made Idiat adjacent to two estab- 
lished section lines, the meridUmal liiie of which is oui of limits in 
alinement, an outlying regular quarter: section has been protracted 
as surveyed; then to complete the section, the new meridional line 
will be projected as a sectional guide meridian, in accordance with 
the usual i^iles, ordinarily with' quarter-section and solution comers 
of maximum control at 40 and 80 chains, respectively. The new 
latitudinal section line would then be eetikblished on a tme line 
between the section comers, with one or tw6 quarter-section comers 
as required,; one mark^ tD control the subdivision of the section 
under consideration will be required at 40 chains from the original 
section corner; the same quarternsectlon comer trould be marked 
to control the subdivision of the adjoining section if the fractional 
measurement is to t>e thrown in the same dnreetion in both sections; 
otherwise an additional quarts-section comer i^arked to control 
the subdivision of the adjoining section will ordinarily be established 
at 40 chains from the new section comer. On the other hand, if 
the same conditioinr be asBumed with the exc^ticA thAt the original 
« Mtmdinai seotion line instead of the meridional line is loimd to be 
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defeddve in alinement^ then tba lio% latitudinal section line will 
have to be establifihed as-a Boc tion al co iTe c t ion Hqie, exactly in 
accordance ivith the rules already given for running such lines, 
ordinarily '^th section comer of Tnaximum obntrol at its inter- 
section with f he new meridional section line, and quarter-section 
comer of maidiTHim eonlTol at mid-point. On l^e new meridional 
section line one or two quarter-section comers may be required; 
one marked^to control the subdivision of the section under consid- 
eration will be established at 40 chains from, the original section 
comer; the same quartcar-section comer may be marked to control 
the subdivision of the adjoining section if the fractional measure- 
ment is to be placed in the same direction in the two sections, but 
if the fractioiial measurement is to be thrown in the c^posite direction 
in the adjoiijng section aii additional quarter-section comer marked 
to control the subdivision of that, section wotdd ordinarily be re- 
quired at 40 chains from the new section <Jomer. 

219. Many cases will arise in the field involving combinations 
of two or more of the above simple examples, in which instance 
the surveyor is advised to prepare a diagram illustrating the con* 
ditions foimd in the original survey, whereupon the new section 
lines may be shown with alinement in accordance with the usual 
rules for subdividing townships^ noting that ,thft new section lines 
are to be itiitiated at the previously established origi|nal section 
comers, and that the length of the meridional boun4aiT 1^^ dex>end 
both upon the regularity of the le4gth of the opposite original merid- 
ional section line and upon the alinement ol the previously estab- 
lished latitudinal section line; thereupon the sm^eyor may at once 
show upon his diagram the position of the necessary quar^r-eection 
comers on the new section lines, a11 in confotmity with tiie simple 
rules already stated. 

220. Other instances will be found wher^ half seetionfi are shown 
upon the original approved plat protracted as surveyed, in some 
cases where only the opposite section Ifue has not been established 
and in othei' cases where parts of the adjacent as well as the opi>osite 
section lines have not been established. In case only one section 
line remain^ to be established, it will be locatjed upon the tme line 
connecting the original section comers, regardless of bearing; the 
new opposile quarter-section comer marked to control the subdi- 
vision of the stated section will be placed at mid-point, regardless 
of the lengtib of the new section Une; the position of the quartei^i 
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section comer marked to contrrf tl^ iubdivuion of the adjoining 
section will d^>end upon the plan of subdividing the lemainiiig 
public land. '^Partially surveyed section lines wi^ be completed 
by extension, the alinement of the same b^ing governed by the 
usual rules for regular subdivision; the latitudinal or meridional 
position of the remaining section line (opposite to the half section 
protracted as Burveyed) will usually be controlled by the position 
of the nearest wginal section comer, and the alinement of the same 
will depend upon the usual rules for regular subdivision; the new 
opposite quatter-section comer marked to control the subdivision 
of the sectioii containing such half section protracted as surveyed 
will be placed at mid-point in every case ; the position of the quarter- 
section comer marked to control the subdivision of ^e adjoining 
section will depend upon the manner of subdividing the remaining 
public land. 

221* Various other examples will be found where functional areas, 
as along the morth or west boundary of a township, aie shown upon 
the original approved fHaX pmtracjted as surveyed. In all such 
instances the same rules, heretofore stated, may be applied, with the 
angle exception that a calculation must be made, based upon the 
areas shown upon the original plat, of the theoretical lengths of all 
lines not established in the original survey. Such calculated distances 
will then control instead of the usual regular lengths of section lines 
as heretofore assumed; also, if such calculated distances count from 
two directions, and irregularities are.developedt the calculations 
must again be resolved into proportional distances to agree with 
actual measurements between the controlling points. . 

222. On the accompanying diagrams are shown various exagger> 
ated examples of the manner of completing the survey of irr^^ulai 
sections containing outlying areas protracted as surveyed, showing 
the application of the means necessary for the protfction of the 
integrity of such areas. It is recognized that the general principles 
above set forth will not always permit the complete establishment 
and appropriate marking of idl comers at the first determination of 
their locations, by reason of the fact that only the bringing up ci the 
new surveys to be closed upon the completed units will develop 
the appropriate niarkin(;s of the fi;nish^d corner^ but this need not 
impair the sMrveyor's confidence in his knowledge of necessary pro- 
cedure in tht initiatory work, to be recognized and applied appro- 
priately when the new surveys are brought up to their closings. 
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228. A distinctly diffd^i^t dasa Ol partially gorveyed eections is 
found along ecroneoufl meander lines e^own upon approved plats of 
fractional townships. Sudi sections are never subject to onnpletion 
except as definitely authorixed in Hie written special instructions 
furnished to the survey^or, is the approved plat must b^ held to 
represent correctly a true meanderable body of water untU proven 
otherwise to the satis^tion of the Department of the Interior, as 
intiniated in Chapter I. Numerous Instances are on record, how- 
ever, where the evidence subtoitted to the Department is con- 
clusive that surveyors have erroneously classified overflowed lands 
as meanderable, Or ^ere the recorded meander line does not and 
never did ponform to the mean high-water elevation of an actual 
meanderable body of water, thus erroneously omitting considerable 
areas of land. 'Die questicms of title to such areas are eoctremely 
intricate, and it is the i»actice of the General Land Office not to 
allow any extension of such original surveys until the procediu*e has 
been definitely authorized by the Secretary of the Interior. The 
surveying problems arise only when the extension of the original 
survey beyond the meander line shown upon the approved plat has 
been duly authorized. 

The reestabUshm^it of the original meander line with a suitable 
monimient at each angle point is a usual accompaniment of the 
above class of surveys, the purpose being to s^i^egate definitely the 
previously surveyed areas jfrom the imsurveyed pubKc lands; it is 
more appropriate to consider the surveying questions thus involved 
along with other problems relating to the reestablishment of broken 
boundaries, where the subject will be found in sec. 380,Chapter V. The 
next step in the field is to complete the partially surveyed sections 
and the procedure in practically every instance will be controlled 
by the rules already outlined in respect to the completion of the 
survey of sections containing outlying areas protracted as surveyed; 
it seems unnecessary to repeat the governing principles in such 
closely related cases. 

SUBDIVieiOK or FBACTIOKAL SE0TION8 RBSULTING FKOM 

FRAGMENT AEY SURVEYS. 

224. The one best test of the fitness of a proposed method incident 
to the completion of partially surveyed sections will be found in 
platting the section for subdivision by protraction; thereupon the 
regular rules for subdivision of sections should be applicable. Thus 
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the position of the new quarter-action oorners, established to con- 
trol the subdiviaion of a particular section in question^ must be such 
as to permit the center lines from said points to the opposite original 
quarter-section comers to be connected ih strict harmony with the 
conditions represented upon the original approved plat, disregard- 
ing the effect upon the subdivision of the newly surveyed public 
land. Likewise the lines connecting thei sixteenth-section comers 
on the opposite boundaries ol a quarter section must conform to the 
conditions represented upon the ctriginal plat. When the subdi- 
visbn-of -section lines are thus platted the se.ction may be considered 
satisfactory if the integrity of the original areas is in no way violated. 
When th0 subdivision-of-section lines are platted as suggested, the 
permaneirt conditions affecting the new areas may beconsidered, and 
should be harmonized witlt the following additional rules: 

1st. The new areas should be complementary to the original areas 
by the extension of the sub division-of -section lines as already pro- 
tracted upon the original plat^ except as poorly shaped lots, or lots 
of too great or too little area, would result in violation ol the regular 
rules for subdivision of sections. 

2d. The same m^idional limit may be permitted, in the interest 
of r^^laiity and simplicity of platting, as is ordinarily allowed in 
latitudinal section lines; i. e., a section may be considered regular 
whose boundary lines are all for alinement when not to exceed 21^ 
from a cardinal course, and for measurement when not to exceed 25 
links from 40 chains betweeii the section and quarter-section comers. 
Such regular sections may be subdivided into regular quarter sec- 
tions and quarter-quarter sections as far as possible. A section 
having three r^ular bouUdary lines may be subdivided in accord- 
ance with the usual rules Ux subdividing sections along the north 
and west boundaries of a normal township. A section having two 
adjacent r^^ular boundary lines may be subdivided similarly to the 
manner in which section 6 of a normal township is'treated. All 
other sections should be treated as irregular, with subdivision-of- 
section lines protracted to mid-points on the boundaries of the 
quarter sections, except as a calculated proportional position for 
a sixteenth-section comer is made necessary by reason of conditions 
relating to the complementary area shown upon the original plat. 

3d. All new fractional lots will be numbered beginning with the 
next higher number in the series of the same section already begun 
upon the previously approved plat, and proceeding in the usual 
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order in which fmctiOAtl Idte ore norauUly nmnbered. The new 
aeries may begin with No, lin case the incdonal parts of the original 
are not designated by lot number. 



GOMPLBTINa THB StTBDIYISION OF A PARTIAL TOWNSHIP BtSULTING 

FROM FRAOMENTABT SURYBTS. 

225. After the partially surveyed sections have befen fully 
completed the surveyor may proceed with the subdivision of the 
remaining portions of the township. Every condition represents 
a separate problem, and few specific rules would serve any purpose 
in guiding the Bwcveytx to a definite procedure. If no irregularities 
are to be found in the previously established Hnes the new survey 
may proceed normally, but if defective conditions are encountered 
the irregularities are not to be extended into unsurveyed sections 
any farther than necessary to incorporate the resulting fractional 
measurements into suitable fractional lots adjoining the former 
surveys. Preference should be given to extending all surveys from 
south to north and from east to west, but if a better control is 
available by reversing the procedure in one or both directions, 
thus resulting in a simpler and better survey in respect to mini- 
mizing the number of extra comers as well as fractional lots, such 
reversal of procedure is fully warranted. The principle relating to 
controlling coordinate measurements in two directions at right 
angles, as along the south and east boundaries of a township, may 
be applied to the subdivisional Mnes best suited to control the new 
surveys to be executed; and, if the selected bases are defective in 
alinement, in whole or in part, the new section lines may serve 
the function of a sectional guide meridian or a aectional correction 
line as required. The comers from which the new surveys are to 
be initiated and controlled in latitude and departure will be termed 
comers of four sections, or of two sections as appropriate, and where 
the terminal lines can not be connected regularly with the pre- 
viously established section comers by random and tme line not 
exceeding 2V from cardinal, a closing section comer will be 
established in full accord with the principle relating to the estab- 
lishment of closing section comers on the north or west boundaries 
of a township where the latter lines are found to be defective in 
measurement. The fractional measurements of the closing section 
lines will be placed adjacent to the old siurveys, and the distance 
from the closing section comer to the nearest original comer will 
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Fig. 66 (East half) 
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be measured; the original lines forming ^i^ bc^iindary of the lands 
to be surveyed will be r e t r a ce d , as i^ready provided, and the marks 
upon the original comers will be appro|niately moAGed is neces- 
sary; new quarter-section comen mttrked to eontiol &e sut>division 
of the new sections will be established on the original tinei at mid- 
points between the closing section comers, ot at 40 chains from one 
direction, according to the manner in which a new sectbd is to be 
subdivided. 

There are g^i^idly two « more ways in whidh a fraglhentary 
subdivifion may be executed, but a carefiil study of a sketch plat 
representing existing conditions will generally reveal the superi- 
ority of one method over another, and objectionable results should 
be avoided as far as existing conditions relating to the original 
surveys will permit. 

MEANDERING. 

226. All navigable bodies of water and other important rivers 
and lakes (as hereinafter described) are to be segregated from the 
public lands at mean high-water elevation. The traverse of the 
maigin of a permanent natural body of water is termed a meander 
line. 

The running of meander lines has always been authorized in the 
survey of public lands fronting on large streams and other bodies of 
water, but the mere fact that an irregular or sinuous line must be 
run, as in case of a reservation boundary, does not entitle it to be 
called a meander line except where it closely follows the bank of a 
stream or lake. The legal riparian rights connected with meander 
lines do not ap^^y in case of other iitej^ar lines, as tAe latter are 
strict boundaries. 

Mean high-water mark has been defined in a State decision (47 
Iowa, 370) in substance as follows: High-water mark in the Missis- 
sippi Elver is to be determined from the river bed; and that only 
is river bed which the river occupi^ long enough to wrest it from 
vegetation. In another case (14 Penn. St., 59) a bank is defined as 
the continuous margia where vegetation ceases, and the shore is the 
sandy E^ce between it and low-water mark. 

Numerous decisions in the United States Supreme Court and 
many of the State courts assert the principle that meander lines 
are not ^undaries defining the area of ownership of tracts adjacent 
to waters. The general rule is well set forth (10 Iowa, 549) by 
saying that in a navigable stream, as the Des Moines Biver in Iowa, 
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bigfi-rw^^i ]?Qar)c if thp bcHmdary line. When by action of tba 
:«7ater the rivor bedicb^ogeif, hi^-water miurk cbaogesjuad owncic- 
i^Mp o! iK^joiiPi^ Il4i4 IffC)sre«9e«i wit^ jit. 

Meander lines iprill not be established at the aegregation linp 
between upland ai^d swamp or overflowed land, but at the ordinaijr 
bigb-water mark pf tbe fi^iual margin of tb? river or lake on wbicb 
auch ewamp;Or ^^ye^flowi^ la^ border* 

227* Practically all inland bodies ol water pass through an 
.azumal /cyple of changes from .m^i^ low water to flood stages, 
between the extre^nes of which t^I be found meaa high water. 
In rc^gions of brokei^tppography, e^>ecially where bodies of wat^r 
are bounded by sharply eh^ping landv, , the horizontal distan c e 
between the maiginfl of the various water elevatipps is compara- 
tively slight, and the suryeyor will not experience much difficulty 
in determining the J^rjbontal position of ,m^an ,^pgbTwater level 
with appiraouioate accuracy; but in level regipns, or iA.any locality 
where the meanderabte bodies of water are bordered by relatively 
fliat lands, the horizontal distance betweeft the successive levels is 
relatively great. The sun^ey9r will find the mo^t reliable indiq^ 
tion of mean high-^water elevation- in the evi4enee made by the 
water's action at its various stages, which will generally be found 
well marked in the soil, and in timbered localities a vety certain 
indioMioxL of the locu^ of tb^ various important water levels will be 
f6un4 in th^ beltJng of the native forest speqies. 

Mean hj^g^-water elevation wjll be found at the ma^S^ of the 
area occupied by the water for the jgreater portion of each average 
year; at ^lis level a definite eacarp^ient in the soil will generally 
be traceable, at the top of which is the true position Ua the surveyor 
to run the ^pander lijjie^ A piconounced ascfM^pment, the result of 
the action of storm and flood waters, will often be found above tjbue 
principal wat^r level, ai^d separated from the latter by the ftorm 
or flood beach; a^io^er less evident escaQ)ment will often be fouud 
j^ the average low-wat^r level, eefjecially of lakes, the lower escarp- 
ment being separated from the principal escarpment by the nc^snal 
beach or shore. While th^Bse questioj^ pioperly belong to the realm 
of geology, they should i^ot be overlooked in the survey of a meander 
line. 

Where oa||ive foreat trees are found in abundance bor^cing 
|)odiee of water^ tihoee trees showifig evidence of having grown ui^der 
i^vorable site conditioos will be found accurately belt^ along 
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Contour Hues; thois a certain clan of mixed varietieB common to a 
particular region will be found only on the lands seldom if ever 
overflowed; another group of forest spedes will be found on the 
lands which are inundated only a small portion of the growing season 
each year, and indicate the area which .should be included m the 
classification of the uplands; other Tarieties' of native forest trees 
¥dll be found only within the zone of swamp and over^iwed lands. 
All timber growth normally ceases at the margin of permanent water. 

228* At every point where either standard, township or section 
lines intersect the bank of a navigable stream, or any meanderabl^ 
body of water, comers at such intersections will be established at 
the time of running these lines. Such mcxiuments are called mean* 
der comers. In the survey of lands bordering on tide waters, mean- 
der comers may be temporarily set at the intersection of the sur- 
veyed lines witii the margin of mean high tide, but no monument 
should be placed in a position exposed to the beating of waves and 
the action of ice in severe weather. In all such cases a witness 
comer on the line surveyed, at a secure point near tlie trae point 
for the meander comer, will be established. Tlie crossing distance 
between meander comeis on the same Hne will be ascertained by 
triangulation or direct measurement, and the full particulars will be 
given in the field notes. 

220. Inasmuch as it is not practicable in public-land sra^eyB to 
meander in such a way as to follow and reproduce all the minute 
windings of the high-water line, the TTnited States Supreme Court 
has given the prindples governing the use and purpose of meandering 
shores in its decision in a noted case (R. R. Co. v. Schurmeir, 7 
Wallace, 286-287) as follows: 

"Meander lines are run in surveying firactional jxjrtions of l3ie 
public lands bordering on navigable rivers, not as boimdaries of 
the tract, but f6r the purpose of defining the sinuosities of the bante 
of the stream, and as the means of ascertaining the quantity of land 
in the fraction subject to sale, which is to be paid f(»r by the ptrf- 
chas^. In preparing the oflScial plat from the field notes, the niieaii- 
der Hne is represented as the border litfe of the streasi, and shows to 
a demonstration that the water-course, and not the meander line to 
actually run on the land, is the boundary." 

280« iDhe surveyor will commence the meander line at one of 
the meander comers, follow the bank or shore line, ^d determine 
the true bearing and measure the exact length of ebich. course, from 
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Hie begiiming to the next meander comer. All meander cotuBes 
are to be taken or counted from the trae meridian and will be de- 
termined mftk precision; '^transit angles" showing only the amount 
ol the deviation from liie preceding course are not acceptable in 
^fLfHd notes of meand^. For ccmvenience the courses of meander 
lines rikould be adjusted to the exact quarter degree; meander 
lines are not strict boundaries and this method will give zpprojd- 
mate agreiament with the minute sinuosities of mean high-water 
Novation. - Again, for convenience of platting and computation, 
the surveydr is required to adopt turning pdnts at distances of whole 
chains, or multiples of ten Unks, with odd links only in the final 
course. 

In cases where the surveyor finds it impossible to carry his meander 
line along mean hig^-water mark, his notes should state the distance 
therefrom and the obstacles which jiistify the deviation. A table 
of latitudes and departures of the meander courses should be com- 
puted before leaving the vicinity, and if misclosure is found, indi- 
cating error in measurement or in reading courses, the lines should 
be rerun. 

All streams flowing into a river, lake or meanderable bayou 
will be noted, and the width at their mouths stated; also, the posi- 
tion, size and depth of springs, whether the water be pure or min- 
eral; also, the heads and mouths of all bayous, all rapids and bars, 
will be noted, with intersections to the upper and lower ends of the 
latter, to establish their exact situation. The elevation of the 
banks of lakes and streams, the height of falls and cascades, and 
the length and fall of rapids, will be recorded in the field notes. 

The field notes of meanders will show the comers from which the 

meanders commenced and upon which they closed, and will 

exhibit the meanders of each fractional section separately; following, 

and composing a part of such notes, will be given a description of the 

adjoining land, soil and timber, and the depth of inundation to 

which the bottom land is subject. The utmost care will be taken 

to pass no object of topography, or change therein, without giving a 

particular description thereof in its proper place in the notes of tie 

meanders. 

nrvERs. 

231* Proceeding downstream, the bank on the left hand is termed 
the left bank and that on the right hand the right bank. These 
terms will be universally used to distinguish the two banks of a 
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riv^r or 0tr^««^r Kf^vigabl^ riv^. i4^ l^youa, ifks ,^ell aa all nvm 
not embiftcfid in th» cla«9 4o»n"?lna^^ '' navigable;! '! th^ Jngkt- 
imgl9 widA of iFhicb. is 3 cbaina^^d npwacda, wiU h^ mean- 
4eFed on boj^ ban3(0» at the cffdinarjr m^mxx, bjgh-watar 9^:}^^ by 
talong the £;^»i^ cquusc^ and dwtanoen of tbaiir/rinuooltieB. BiT«p 
not classed a» navi^ble will not be nu^a^ered above the point 
wbeie the average right-angle width ia lois than 3 chaina, except 
that 8trean)0 whidi^t are fese th^tn 3 ^h^^ wi^e and whidi are ao 
dei9Piavifta»n4 4aag9r€Ma ap to be impassable may l^ meandered, 
w4i^l^ good aipicuLtural lands fi^ngthe banlu reqnire their eepa^f^ 
t^n into iract|onal lots tar the benefit ol settlers* 

Shallow fresh-water streams, without any well-defined channel or 
permanent banks, will not be meandere4* Tidewater streams, 
whether more or less than 3 chains wide, should be meande^sed at 
ordinary high*water mark, as fai; aa t^dewater.extends. 

'LAKBS. 

282. The meanders of all lakes of the area of 25 acres and up- 
wards, will be conmienced at a meander comer and continued, a^ 
above directed for navigable stzeams; from said comer, the courses 
and distances of the entire margin of the same, and the intersections 
mth. all meander comers established thereon, will be noted. 

In the case of lakes which are found to be located entirely within 
the boundaries of a section, a quarter-section line, if one croasea 
the lake, will be run from one of the quarter-section comers, on a 
theoretical course to connect with the opposite quarter-section 
comer, to the margin of the lake, and the distance will be measured; 
then at the point thus determined a '^special meander comer '' will 
be established. If a meanderable lake is found to be located en- 
tirely within a quarter section, an ** auxiliary meander corner" will 
be established at some suitable point on its margin, and a connect- 
ing line will be mn from said monument to a regular comer on the 
section bound^uy. A connecting traverse line will be recorded, if 
one is nm, but it will also be reduced to the equivalent direct con- 
necting course aiui distance, all of which will be stated in the field 
notes, and the course and length of the direct connecting line will be 
be shown on the plat of the survey. 

The meander line of a lake lying within the interior of a flection 
will be initiated at the established special or auxiliary meander 
comer, as the case may be, and continued around the margin of the 
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normal Uro at its to/dtih ibis^-wator level, ta a ckwittg at the point 
o£ begfaming; All pioceedinga are to be iuUy entered in tbe field 
notee. 

Ajtifidal lakes and reservdos ave not to be segregated from the 
public lands, unless specially prondded in the instructions, but the 
lame position and ei^tent of such bodies o£ water will be determined 
in the field and shown on the plat. 

ISLANDS. 

233« In theprogress of the r^^ular surveys ev^y island above the 
mean hig]i-water elevation of any meanderable body of water, ex- 
cepting only those islands which may have formed in navigable bodies 
of water aftar the date of the admission of a State into the Union, will 
be definitely located by triangulation or direct measurement or 
other suitable process, and will be meandered and shown upon the 
official plat. 

In the survey of tlvB mainland fronting on any non-navigable 
body <d water, any island opposite t)iereto, above mean high-water 
el^vation, is subject to survey* Also, even though the United 
States may have parted with its title to the adjoimng mainland, an 
island in any meandered body of water, navigable or non-navigable, 
known (ht proven to have been in existence at the date of the admis- 
sion of a State into the Union, and at the date <^t the survey of the 
mainland, if omitted from said original survey, remaios public land 
of the United States, and as such the island is subject to survey. 

The survey of iedands not dwwn upon the original approved plats 
df subdivided townships is authodzed by the Department only upon 
tbereceipt of formal ^plication, and subject to t^e ap];Hx>val th^eof . 
Tlie proof of the time of the formation of such islands is often more or 
less diflcult, and it is the practice of the Department to make a 
caseflil examination of the bistory of an island in relation to the 
question of ita legal dniereMp before apfiioying the application for 
its surrey. 

Any township boundary or section Hne which will intersect an 
island will be eatt^ded as neaidy in acc(»dance with the {dan oi 
regular surveys as conditions will pecndt, and the usual township, 
sec^on, quarter-section and meander comers will be estabUsS^ed 
on the island. If an' island falls in two sections only, the Une be- 
tween those particular sections should be estal^hed in its proper 
theoretical position based upon suitable sights and calculati(»)8. 

65465'*— 19 15 
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If an JBlaad falki entirdy in one section, and is laige enoa^ to be 
subdivided (ever SO acres In aorea), a suitable sigbfi or calculatioa 
will be made to locate on the maigin of the island an intersectioii 
with the theoretical position of aay suitable sobdlvision-of section 
line, and at tiie point thns determined a ''iqMcial meander comer'* 
will be estabHi&ed. in the case of an island foiling entirely in one 
section and found to be too small to be subdivided, an "auxiliary 
meander comer" will be established at any suitable point on its 
margin, which will be accurately connected with any regular cor- 
ner on the mainland. The (Hrect course and length of the connect- 
ing line will be given in the field notes, together with all sights, 
measurements, triangulations and traverse lines upon which the 
calculation may be based. The course and length of the direct con- 
necting line will be shown on the plat. 

The meander line of an island will be surveyed in harmony with 
principles and rules heretofore stated; all township and section lines 
croesing the island will be shown on the plat; and, if the island is 
large enough to be subdivided, the subdivision will be accoidpiii^ed 
by the protraction of suitable subdivision-of-sectioD lines in their 
correct theoretical position. 

Agricultural upland within the limits of swamp and overflowed 
lands should be so classified and shown upon the plat accordingly, 
but such land will not be meandered as an island. 

UMITS OF QLOSUBE. 

284* Under the general subjects of "township exteziors'' and 
"subdivision of townships'' certain definite liitdts were prescribed 
beyond whick previously established surveys sre classed as "de- 
fective,' ' or in the case of new surveys corrective steps are required. 
Such limits constitute the standard of accuracy of the United States 
rectangular surveys, and, for convenience, have been vaciouily re- 
ferred to as the "rectangular limit," "Hmit for the control of new 
surveys," "limit relating to defective exteriors and section lines,'* 
^limits for subdivision," etc., each expressicot having been formed 
to suit the descriptive exigency of the text. A more general re- 
quirement known as the "limit of closmre" will be ai^ed as a test 
of the accuracy of the alinement and measurement of all classes of 
lines eml^uced in any closed figure incident to<the ipublio-land sur- 
Yeys, and corrective steps will be required wherever this test dis- 
closes an error beyond the allowable Hmit. 
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The ''error of closure" of a survey may be defined, in general 
terms, as the ratto of the length of the line representing the equiva- 
lent of the errors in latitude and departure (as found by a table of 
latitudes and d^MTturee) to the length of the X)erimeter of l3ie figure 
con^tuting the survey; but, with due regard for the controlling 
coOfdinste governing lines of a rectangular survey, prcmounced 
accuracy in latitude will not be permitted to offset gross error in 
departure, or vice versa, and, in order to be consistent with this 
fundamental theory, a double test must be applied in place of the 
one expressed in geneml terms. The ''limit of closure" fixed for 
the United States rectmgular surveys may be expressed by the 
fraction 7^ provided Hiat the limit of closure in neither latitude 
ma departure exceeds -y^, and where a survey qualifies under the 
latter limit the former is bound to be satisfied; thus an accumulative 
error of 12} links per mile of perimeter, in either latitude or departure^ 
will not be exceeded in an acceptable survey. Tlie limit of closure 
as thus expressed may be applied to various specific conditions as 
heretofore stated. 

The latitudes and departures of a normal section diall each dosd 
within SO Hnks; of a normal range oit tier of sections, within 175 
links; and of a normal township, within 300 links. The boundaries 
of each tectional section including irregular claim lines or meanders, 
or the meanders of an island or lake in the interior of a section, should 
close within a limit to be determined by the fraction ^ when the 
error in either latitude or departure is considered separately; the 
same rule will be applied to all broken or irregular boundaries. 

Surveyors are reqit];red to compute all doubtful closings while in 
the field in the immediate vicinity of a particular line, or series of 
lines, in questicm, and to accomplish all necessary corrective work 
before concluding a survey. 

MARKING LINES BETWEEN CORNERS. 

235. The marking of. a survey upon the ground in such a manner 
as to fix forever the position of the legal lines in relation to the 
earth^s surface is the final step in the field work, and is accomplished 
in three ways, which, if well executed, will individually or collec- 
tively furnish the means of the identification of the survey at even 
remote future dates. Careful attention to these details is one of the 
most important phases of the surveyor's field work, (a) The regular 
comers of the public-land surveys are marked by fixed monuments 
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of ^>edfieid dMue^cter as described in Chapter IV ; (ft) the relatioii of 
the offidally surveyed lines to nafiiu»l topogn^^iioal ieaitures is 
)!ecorded in mudi derail as ber^inaf^r outtined/ and again ex^n- 
plified in the specimen fiejkl notes; and, (e) the lo<nis of the legal 
lines, wherever living timber is encQunt^ied} is plainly naarlfied 
upon the forest trees^ which is ^complished by the {access of 
''blaring'' and by ''hack" marloi. 

A "blaze'' is an ax mark which is mad^ upon a tree trunk at about 
breast height, in whidi a flat sear is left upon the tree surface. The 
bark uid a very small amount ci the live wood tissue are removed, 
leaving a smooth sui^ace which £(Hrever biands the tree. The size 
of the blaae depends somewhat upon the size of the tree, but k 
never made larger than the surface of an ax blade; a blaze 5 <»r 8 
inches in hei^t and from 2 to 4 inches in width is amj^e to mark 
any tree. 

A "hack '' is also an ax mark which is made upon a tree tarunk at 
about breast height, in which a horizontal notch is cut into the 
surface of the tree. The notch is made "V-shaped," and is cut 
through tiie bark and w^ into the wood. Two hacks are cut in 
<Mxier to distiii^iflh those made in the survey &om accidental HMtfks 
tesuHing from other causes; a vertical section of the completed 

official hack mark resembles a " double- V " ( ^) extending across a 

tree from 2 to 6 inches in length, depending upon the diameter of 
the tree. The "hack'' and ^'blaze" marks are equally permanent, 
but so different in character that one mark should never be mistaken 
for the other. 

The marking of trees along the surveyed tines was required by 
law as positively as the erection of monuments, by the act of 1796, 
which is still in force. All lines on which are to be established the 
legal comers will be marked after this meliiod, viz: Those trees 
which may be int^sseoted by the line will have two hacks or notches 
cut on each of the sides facing the line, without any other marks 
whatever. These are called sight trees or line trees. A sufficient 
number of other trees standing within 50 links of the line, on either 
side of it, will be blazed on two sides quartering toward the line, in 
order to render the line conspicuous, and readily to be traced in 
either direction, the blazes to be opposite each other coinciding 
in direction with the line where the trees stand very near it, and to 
approach nearer each other toward the line the farther the line passes 
from the blazed trees. 
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Due dxe wBl ever be taken to have tbe lines ae w«ll mailed as to 
be readily fbllovred) and to cat the blazes plainly enong^ to leav€^ 
ffocognizabla scam aa loog as the trees stand. This can be accpmr 
piished by blazing just thioi^;fa the bark into the live wood tissue^ 
Where trees 2*inche8 or more in diameter occur along a line, the 
Dequhed blazes will not be isinitted. \^^Mre trees have branches 
growing to the giuund^ the biases will be emitted unless it is neoee- 
sary to remove the bratrches to permit sighting. 

Lines are also to be marked by cutting away enmigh of the under- 
growth to facilitate ccwtect sighting of instruments. Where lines 
cfoss deep wooded valleys, by sighting over iks tops, the usual 
blazing of trees in the low ground when accessible will be performed, 
that settleraniay find tfaeii iNX>per limits of land and timber without 
special survey. The un der gr owUi will be especially well cut along 
all lines within distances of 5 chains of comer monuments and within 
2 chains of arteries of travel, to enable atiiL&t surveyors and settlers 
to locate the survey readily, but the cuttai^ of Hie undeigrowth 
Boay be omitted in deep untiaveled ra^.'ineo unless necessary for 
accurate si^iting or measurement. 

Line treesand biasing will be mailed only with reference to the 
established true line, and where lines are ran by the ''random and 
true " line method, the marking of line trees and the blazing will be 
accomplishj^ by returning over the line after all corrections er ad- 
justments to the final line are definitely known. A sufficient number 
of temporary stakes should be set along a random line to render it 
generally unnecessary to rerun the true line instrumentally merely 
for the purpose of blasdng the line through timber, as this can usually 
be aooompliriied by pcapedy OG^imating the distance from the 
temporary stakes, but intersections with line trees will be made with 
precision, aad'distanees themto accurately measured. 

SUMMARY OF OBJECTS TO BE NOTED, AND SKETCHES. 

236« The field notes aj^d plat, of a survey are designed to furnish 
ndt only a technical record of the procedure, but also of equal im- 
portance a rep(^ upon the character of l^he land, soil and timber 
traversed by the surveyr, %nd & detailed schedule of the topographical 
features alcmg every line, with accurate connections showing the 
relation of the rectangular surveys to other surveys, to natural 
objects and toimproven^ents. A triple purpose is thus served: (a) 
the technical 'proce^u^ is made a matter of official record; (6) 



J 



222 MANUAL OF 8I7BVXYIKG IN8TRUCTI0KS. 

general information relating to a region is gathered; and, (c) the 
.'^cidls" of the field notes and the repreaDntatifms of the plat in 
reepect to objects along the surveyed lines fuxiiidi importcakt evi- 
dence by which the locus of the survey becomes pcactically un- 
changeable as contemplated by law. * 

The specimen field notes uid plats ace intended to standardise 
the form of record/ and many special matters rdating to these sub- 
jects are brought together in Chi^>ters YIII and IX, but b^oie 
conduding the spedal questions concerning rectangular surveys 
it is deemed expedient to outline the technical and topographical 
features which are to be carefully observed and recorded in the 
field during the progress of the public*land surveys: — 

1. The precise course and length of every line run, noting all 
necessary offsets therefrom, wH^ the reason for making them, and 
metiK)d employed. 

; 2. The kind and diameter of all bearing trees, with the course 
and distance of the same from their respective comers, and the 
markings; all bearing objects and nuutks theceon, if any; and the 
precise relative position of witness comers to the true ccnmers. 
, 3. The kind o£ material of which comers are constructed, their 
dimensions and maiMngs, depth set in the ground, attd their 
accessories. 

4. Trees on line. ' The name, diameter and distance on line to all 
trees which it intersects, and their markings. 

5. Intersections by line of land objects. The distance at which 
the line intersects the boundary lines of every reservation, town- 
site, or private claim, noting the exact bearing of such boundary 
lines, and the precise distance to the nearest boundary comer; the 
center line of every railroad, canal, ditch, electric transmission line, 
or other right-of-way across public lands,' notii^ the width of the 
right-of-way and the precise bearing of the center line; the change 
from one character of land to another, with the approximate bearing 
of the line of demarcation, and the estimated height in feet of the 
ascents and descents over the principal slopes typifying the topog- 
raphy of the country traversed, with the direction of said slopes; 
the distance to and the direction of the principal ridges, spurs, 
divides, rim rock, precipitous cliffs, etc. ; the distance to where the 
line enters or leaves heavy or scattering timber, with the approxi* 
mate bearing of the margin of all heavy timber, and the distance 
to where the line enters or leaves dense undergrowth. 
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6. interaectiona by Une of water objeota. All unTne>n4ered 
xireni, creoks and smaUer wator-oouiaes which the line crosBes; the 
diitaQoe measured on the true line to the center of the same in the 
oase of the smaller streams, uid to both banks in the case of the 
laxger streams, the course downstream at points of intersection, and 
their widths on line, if only the center is noted. All intomittent 
water-courses, such as ravines, gulches, anoyos, draws, dry-drains, etc. 

7. The land's surface; whether level, rolling, broken, hilly or 
mountainous. 

8. Thie soil; whether rocky, stony, gravelly, sandy, loam, clay, 
etc., and also whethw first, second, third or fourth rate. 

9. Timber; the several kinds of timber and undeigrowth, in the 
order in which they predominate. 

10^ Bottom lands to be described as upland or swamp and over* 
flowed, as cimtradistinguished tmder the law, noting the extent and 
approximate position of the latter, and depth of overflow at sea- 
Bonal periods. The segregation of lands fit for cultivation without 
artifieial drainage, f rcHtn the swamp and overflowed lands^ where the 
latter are subject to seleotien by the States, is always accompliahed 
by legal subdivision, and any smallest legal subdivision is classified 
as all upland or all swamp and overflowed land accordingly as more 
than half <^ the same may be of the character of the one or of t^e 
other class of lands; bottom lands will be classified with special 
consideration to these matters. 

V 11. Spi3i^ of ^ater, .wheth^ fresh, saline, or mineral, with the 
course of the stream flowing therefrom. The location of all streams^ 
springs, or water-*holee, which because of their environment may 
be deemed to be of value in connection with the utilizati<m of public 
grazing lands, and which may be designated as public waterlog 
places, will be ^eoiaUy noted. 

12. Lakes and ponds, desoiMng their l^uiks, tributaries and out* 
fet, and whether the water is pure or stagnant^ de^ or shallow. 

la. Improvements; towns and villages; post ofilces; Indian occu- 
pancy; houses or cabins, ^Ids, or oihet imi»ovements, wilii owner'a 
name; mineral claims; mill-sites; United States mineral monument^ 
and all other official monuments not belonging to the system of 
rectangular surveys; will be located by bearing and distance or by 
intersecting bearings from given points. 

14. Goal banks or beds^ all ore bodies, with particular description 
of the same as to qusdity and extent; all mining surface improve* 
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DMiits «nd imderground workings; and BtAt Hcks. All reliable in- 
formation that can be obtained req>ed€ing* ^leee objecte, whether 
they be on ihe line or not, will appear in the general deecripdoo. 

15. Roads and trails, with their directionB, whence and wMther. 

16. Rapids, catutM^ts, cascades, or falls of water, in their approxi- 
mate position and estimated height of their fall in feet. 

17. Stone quarries and ledges of rocks, with the kind of stone they 
afford. 

18. Natural curiosities, petrifactions, fossils, organic remains, etc.; 
also all archaoological remains, soch as clttf dwellings, mounds, 
fortifications, or objecis of like nature. 

19. The general average of the magnetic dedination in the town- 
ship, with maximum known range of local attraction and other 
variationfi, will be stated in iHne genend descriptkm, and the general 
average for the township, subject to lodd attraction, will be shown 
upon the plat. 

20. Oerural description. — Die above inf(«mation will be summar- 
ized by townships in a general description whidi will be made the 
concluding part of the field notes of eiv«ry survey. The general 
description will be made toembrace many mote comptthffoare de- 
tails in regard to the characteristicB of the region ^lan is feasible to 
cover as an intimate part of the technical record of the survey, as 
fdlows: — 

Land.-^k general outline of the drainage and topographical fea- 
tures of the township and approximate range of elevation above sea 
level. 

iSoiZ.— The prevailing and diaracteri^c sodl types. (See specml 
reference to mi classification, Ohap. VII.) 

2)fm6er.— The predominant forest species, age, size, condition, etc. 

Evidence of mineral, — ^All known bodies of mineral, and land^ 
whose formation suggests mineral-bearing charactmstics, especially 
with reference to lands of volcanic or igneous origin, will be listed 
by appropriate legal subdivision, with brief description ol the min- 
eral indications. On the otiher hand, if l^e surveyor finds no ap- 
paient indication of mineral deposits, a repcnrt to that effect will be 
embodied in the general description. 

WuUfing p2ace«.— The aieas embracing all streams, springs, or 
water holes as* may be of special value as public watering places, 
in connection with the utilization of public grazing lands, will be 
listed by impropriate legal subdivision^ with brief description of the 
nature of such water supply. 
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SeUUmmt. — The extent of the settlement at the time of the snrvey . 

InduBtry, — ^The industrial possibilities of the township, eepecially 
as to the adaptability of the region to agricultural pursuits, stock 
raising, lumbering, mining, or other profitable enterprise. 

8pecial,^AXL exceptional steps in the technical process of the 
survey, and other special matters required in paragraphs Nos. 1 to 
19y inclusive, of the above summary, not otherwise suitably recorded 
w£U be reported in the general description. 

In addition to the field notes the surveyors are required to prepare, 
as the work progresses, an outline diagram showing the course and 
length of all established lines with connections, and a topographical 
sketch embracing all features usually shown upon the completed 
official township plat. These maps will be made to scale, drawn ii^ 
pencil only, if desired, and will be kept up with the progress of the 
field work. The interiors of the sections will be fully completed ; 
the topographical features will be sketched with care while in the 
view of t^e surveyor, and the position within the section of the 
various details which are to be shown on the completed plat will be 
located with an accuracy commensurate with their relative impor- 
tance. The design of the specimen township plat will be followed 
closely in the preparation of the outline diagram and topographical 
sketch plat, except that it will generally be desirable to employ 
a sepcuute sheet for each of the two purposes. These maps will 
then form the basis of the official plat, the ultimate purpose of 
which is a true and complete graphic representation of the public 
lands surveyed. • 



CHAPTER IV. 

CORNEB MONUMENTS. 

TBI LBOAL SICmiFICANOB OF A CORNER MONUMENT. 

237. It is one of the fundamental principles of the surveying laws 
that absolute permanency be attached to the public-land surveys 
when the lines have been officially established. The "survey " em- 
braces certain definite technical procedure, heretofore described, 
also the marVing of certain fixed points, as will be described in this 
chapter, though the establishment of a survey may not be termed 
"completed" until the field notes and plat and every detail of the 
technical operation constituting the survey have been finally ac- 
cepted by the Commissioner of the General Land Office, all as con- 
templated by law. The law provides that the original comers 
established during the process of the survey shall forever remain 
fixed in position, even to disregarding technical errors in the execu- 
tion of the survey — ^where discrepancies may have passed undetected 
prior to the acceptance of the survey and the opening of the lands 
to entry — and, as an aid to the matter of permanency, the Congress 
provides for the purchase of durable material for the comer monu- 
ments, also a penalty for the deling of any marjos relating to the 
locus of the survey. If it were possible to carry out the full intent 
of the surveying laws in regard to the aforementioned particulars, 
the most intricate of all technical and legal problems relating to sur- 
veys — ^the questions pertaining to the reestablishment of lost cor- 
ners — would be avoided. 

The courts attach major importance to authentic evidence relating 
to the original position of an official comer monument, such evidence 
being given far greater weight than the technical record relating to 
bearings and lengths of lines, and it is assumed in the first instance 
that the original comers shall serve every necessary purpose for the 
identification of the survey delineated upon the official approved 
plat, and of the lands which have passed into private ownership. 
The l^al significance of the original monuments, as thus briefly 
outlined, makes it mandatory upon the surveyor to exercise con- 

227 
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stant diligence in the workmanlike construction of lasting comerB, 
and alertness in skillfully connecting the same with natural objects 
or improvements, to the end that the greatest possible permanency 
may be secured for the public-land surveys. 

288. Accordingly, if a surveyor is called ux>on to alter the con- 
dition of a previously established point, the utmost regard should 
be shown for the evidence of the original location of the monument, 
and the comer will be caiefully recoDstructsd by nidi additional 
means as may be appropriate, without destroying the evidence which 
served to identify its legal position. A complete record will be kept 
of the description of the old monument as identified, and all altera- 
tions and additions thereto. 

289. Regulation monuments are employed to mark permanently 
the position of the quarter-section, section, township and meander 
comers, appropriate to the subdivision of fhe public lands, as de- 
scribed in Chapter III; also at such sixteenth-section comers as the 
requirements of the written special instructions or the exigenciies of 
the survey of fractional sections may demand; also at all angle points 
along an irregular boundary line, and at intermediate intervals of 
40 and 80 chains along such limiting boundary. A more extended 
discussion of the subject of "angle points" and other monuments to 
be established upon irregular boundaries will be found in Chapter VIT. 

240. The position of every comer monimient will be "evidenced " 
by the best of such accessories as may be available, and where the 
comer point itself can not be marked in the usual manner an 
appropriate "witness comer" will be established. A "witness 
meander corner" will be established upon secure ground "Wherever 
the intersection of a surveyed line with the mean high-water ele- 
vation of a meanderable body of water falls at a point ^ere the 
monument would be liable to destruction. 

241. The field notes relating to the establishment of a comer 
monument will be introduced into the technical record, of the survey 
at the logical place in the record where the tme position for the 
comer is indicated as having been attained. The record of the 
monimient itself will embrace a description of: 

(a) The comer material, including its dimensions, in the order 
of length and diameter of an iron post; or length, width and breadth 
of a stone; or the breast height diameter of a tree; (6) the depth 
set in the ground, with mention of additional support if any; 
(c) the significance of its position; (d) the markings upon the monu- 
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mait; and (e) the natiure of the acceasories, including character, 
flbe, position and markingB. 

CORNER MATERUL. 

242. The Greneral Land Office has adopted a model iron post for 
moniimenting the public-land surveys, which will be generally 
used unless exceptional circumstances warrant a departure from 
this rule. This practice is deemed so important that the surveyor 
is not authorized to exercise an option in the matter, but he may 
refer the question to the proper supervising office, who may grant 
authority for the use of other suitable material, provided the reasons 
for departing from the general rule are sufficient, in which case a 
brief statement of the facts will be given in the field notes, in the 
form of an explanation as to why the model iron posts were not 
employed. 

The modd iron post is made from commercial iron pipe, from 1 to 
3 inches in diameter, which is cut into lengths of about 36 inches; 
one end of the pipe is split for a distance of about 4 or 5 inches, and 
the two halves are spread (when heated) to form flanges or foot plates, 
at right angles to the axis of the pipe; a brass cap is securely riveted 
to the opposite end of the pipe; and finally the pipe is filled with 
concrete. Unless otherwise provided in the written special instruc- 
tions, the iron posts will be employed as follows: 3«inch, lor standard 
and closing township comers, comers of one, two or four townships, 
and as required for mile comers and angle points of special bound- 
ary surveys; 2-inch, for standard and clodng section comers, and 
comers of one, two or four sections; and, 1-inch, for quarter-sec- 
tion and meander comers, and as required for miscellaneous angle 
points, sixteenth-section comers and comers of special tract surveys. 
All witness comers are to be of the same size as would be used for 
the trae comer. 

246. The caps of the iron posts are to be suitably and plainly 
marked with steel dies at the time when used; the posts will be 
set in the ground about three-fourths of their length; and earth and 
stone, if the latter is at hand, will be tamped into the excavation 
to give the post a solid anchorage. 

244. Durable native stone may be substituted for the model iron 
post, if the procedure has been duly authorized, but no stone will 
be used which measures less than 20 inches in length, or less than 
ft inches in either of its minor dimensions, or less than 1,000 cubic 
inches in volume. A stone should always be selected with regard 
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to its durability when exposed to the usaal freatlieriiig infladnces. 
Stone will not be used as a comer monument where its portion ftiSs 
among large quantities of loose surface stone or riide rock. 

246. A stone will be suitably and legibly marked with a steel 
chisel or punch with such letters, figures, grooves or notches, as 
may be required, and will be set firmly in the ground about three- 
fourths of its length . 

246. Both iron post and stone monuments will always be set 
the usual depth in the groimd unless it is impossible to complete 
the excavation, in which case the monument will be planted as 
deep as conditions will permit, and the necessary support will be 
secured by a stone mound. 

247. Where the comer point falls upon solid surface rock, pre- 
venting excavation, a cross ( X ) will be cut at the exact comer point, 
and, if feasible, the monument will be erected in the same position, 
supported by a large stone mound of broad base, so well constructed 
that it will possess thorough stability. 

248. Where the comer i)oint falls exactly at the position occupied 
by a sotmd living tree, which is too large to be removed, the tree 
will be appropriately marked for the comer. 

WITNESS CORNBBS. 

249* Where the tme point f<»: a comer falls within a roadway in 
such a place as to interfere with travel, a marked (X) stone will be 
deposited in the ground at the tme c<»ner point and a witnese comear 
will be established at some suitable point, preferahly on a surveyed 
line, outside of the roadway. 

250. Where the true point for a comer falls upon insecure ground » 
or in ati inaccessible place, such as within an unmeandered stream, 
lake or pond, or in a marsh, or upon a precipitous slqpe or cliff, a 
witness comer will be established at some suitable point, preferably 
<m a surveyed line, where the monument may be pennaxiuently 
constmcted. 

251. The surveyor will be expected to exercise his best judgment 
in selecting the position for a witness comer, with a view to afford- 
ing a definite and convenient connection from the witness comer to 
the true point for the monument, for use in subseque&t surveys to 
recover the legal position of the tme comer. Extra eiSort will be 
exerted to accomplish the permanent establishment of a monument 
at its tme comer point, wherever this is feasible, in order to avoid 
as much as possible the confusion to settlers and others caused by 

witness comers. 
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262« Only (me witness ccxmerwiU be ettablished in each installer 
and the same will be placed upon any one of the surveyed lines lead- 
ing to a comer, if aauitable place, within a distance of 10 chains, is 
aYailiblei but if tfaeve is no secure place to be found on a surveyed 
line within the stated limiting distance, the witness comer may be 
located in any direction within a distance of 5 chains. On the other 
hand, if there is no suitable place within the latter radius, one or 
more legal subdivisions will be eliminated from the survey as pro- 
vided in Chapter YII. 

258. All of the lines of a survey will be completed in the regular 
manner, if the true iKont fot a comer is accessible, but where the 
true point can not be attained, a line connecting therewith may be 
returned as surveyed if the same has been completed by the pro- 
jection and measurement of a suitable offset or traverse, resulting 
in a closed figure which approaches the true point for a monument 
within the limit prescribed for the establishment of witness comers, 

264. The field notes will show every detail of the relation of a 
witness comer to the true point for a monimient, and the direct con* 
necting course and distance will be shown upon the plat of the survey. 

MARKING CORNBBS. 

255. All classes of comer monuments are to be marked in accord- 
ance with a systBim hereinafter described which has been devised to 
furnish a ready identification of the character and position of the 
monument which bears the marks. Capital letters and Arabic figures 
are employed to mark iron post and tree comers, while upon stone 
comers certain additional marks termed '' notches" and '^ grooves'* 
are employed to convey the same information, but to lessen the labor 
incident to the marking process. The letters and figures upon a 
monument are designed to relate to the township, range and sec- 
tion to which the comer belongs; the notches and grooves upon a 
stone monimient relate — ^in the case of an exterior comer — ^to the 
normal niunber of miles from the monimient to the adjoining town* 
ship comers, and — ^in the case of a subdivisional comer — ^to the nor> 
mal number of miles fromlSie monument to the township boundary 
lines, as hereinafter described, thiis furnishing the means of asce> 
taining the appropriate section numbers. 

250. All markings should be accomplished neatly^ distinctly and 
durably; and the marks are to be carefully arranged'. An assort- 
ment of steel dies, chisels, punches and timber scribes, in perfect 
condition for use, should always be at hand. 
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2&7« A intneft comer and its accenoriee will be eonstnicted and 
marked eomilarly to a regular comer for which it stands, with the 
additional letters ''WO" to signify ''witnesi comer." 

&&8. The following schedule is an index of the ordinary markUt^ 
common to all classes of comers and accessories:-^ 



Marks. To indicate. Marks. 

A M C Auxiliary meander cor- R 

ner. S 

A P Angle point. S 

B Bearing object. S C 

B T Bearing tree. SB 

C Center. SMC 

C Closing comer. SW 

E East. T 

M Mile. TR 

M C Meander corner. W 

N . North. WC 

NE Northeast. ' WP 

NW Northwest. } 

PL Public land (unsur- -^ 

veyed). 



To indicate. 
Range. 
Section. 
South. 

Standard comer. 
Southeast. 
. Special meander corner. 
Southwest. 
Township. 
Tract. 
West. 

Witness corner. 
Witness point. 
Quarter section. 
Sixteenth section. 



MARKS ON mON POST MONtJMTOITS. 

259, The marldngs upon the brass cap of an iron post should always 
be made to read from the south side of the monument, and all iron 
poets will be marked with the year number at the date when estab- 
lished. 

260, Standard township comers are to be marked *'S C" and the 
township on the north half, and the ranges and sections in the proper 
quadrants; as for example: 

sc 

T25N 

Rl7C|Rt8C 

536 S3I 



1916 



M* r 



261. Closing township corners are to be marked "C C "on the half 
from which the closing line approaches th^ nionument, with the 
township (or range) on the same half, and iJl^e, ranges (pr townships) 
and sections in the proper quadrants; also (as far as known at the 
time) the township, range and section, or the initials or abbrevia- 
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tkm. d the State, veservfttkm, grant or piivate chdm, upon whidi 
the township exterior closes; as for exanq^de: 



T25N RITE 
S36 

silse 

RITE RISC 

T24N 

CC 

1916 



TtAH 
336 

R46e 



T24K 
RITE 
S3I 



S6 
T23N 



^OC 



UTAH 



T20N 
RI20W 
S32 



ISI6 



S5 
TI9N 
1916 



CC 



262. Comera common to four tovmsUps are to he marked with the 
townships on the north and south halves, the ranges on the east and 
west halves, and the sections in the four quadrants; as lor example: 

T23N 



RITE 
$36 



SI 



RISE 
$31 



S6 



T22N 
1946 



868. Cofn^B common to two tovmships only are to bemarked widi 
the township (or range) common tp both on the proper.half, and, the 
ranges (or townships) and sections in the proper qiiadrants; also (as 
tut as known at the time) the township, range and section upon the 
opposite half ; asforegcample: 



T3N 

iRTW 

536 



81 
T2N 



TI4S 



T2W 
R6W 
86 



RTW 



R6W 



1916 



336 S3I 

Tl5$ R7 W5I 
1916 



' ni* Comets referring to one township only are to be marked with 
the township, range and section in the particular quadrant which iJs 
concerned; also (as to as known at the time) the township, range 
and section upon the opposite part; as for example: 



T20ri R5W 



■•• 



tT9N 
R^W 

;6i 



S3I 



T23R 


RI9W 


S36 



1916 
S5465<'~19- 



T22 N RI9W 
SI ^ 
1916 



T35N 

R44E, 

S31 



T54N RA3E 
SI 
1916 



•16 
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2B5* Standard aecticn ccmers aie to be murlceii ''S C" and the 
township and range on the north half, and the aectiona in the proper 
quadrants; as for example: 

SC 

T25H IrITC 
S35 S36 



1916 

266. Closing section comers are to be marked ''C C'^ and the 
township and range on the half from which the closing Hne approaches 
the monument, and the sections in the proper quadrants; also (as 
far as known at the time) the township, range and section, or tiie 
initials or abbreviation of the State, reservation, grant or private 
claim, upon which the section line closes, with the exception that 
in the case of an interior cloedng section comer, the township and 
range numbers will not be repeated; as for example: 



T25N RITE 
S35 

S2|SI 

T24n|ri7E 

CC 
1916 



TR48 



S26 $25 

TI2N I R5W 

CC 

I9I€ 



ai6 



TIAN 
SIC 



315 

aiee 
t9ie ' 



-CC 



267. Comers common to fovr sections are to be marked: (a) On 
an exterior, with the townsliip (or range) common to the adjoining 
townships, the ranges (or townsldps) upon the opposite sides of the 
exterior, and the sections; and (&) a subdivisional ocnmer, with the 
township, range and Sjections; all appropriately set forth as follows: 



T2 
ftl7C 


5N 
RiaE 
S7 


T26N 
5 35 


R17E 
536 


T25N 
S23 


RI7E 
524 


S 12 


S2 


SI 


526 


S2A 


SI3 


516 


TMIt 
1316 


1916 



1916 



268* Section comers common to two sections only are to be marked 
with the township and range on the half facing the sections to which 
the c(»iier belongs, and the sections in the proper q\iadrants;. also 
(as far as known at the time) the township, range and section upon 
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the opposite half, except that in the case of an interior comer, the 
township and range numbers -^1 not be repeated; as for example: 



TI4S 
912 


SI3 
RI7C 



Tr4S 



RI6C 



T27N 
S3I. 



RI7W 
S32 



TI4S 
SID 



R20W 
Sll 



57 



1916 



T2eN RI7W 
S 6 
1916 



SI4 
1916 



269* Section cornen referring to one section only are to be marked 
with the township, range and section in the particular quadrant 
which 13 concerned; also (if known at the time) the section upon 
the opposite part; as for example: 



sio 
Ta4N 

R73W 



516 



1916 



T27N 

Rtew 

SI7 




s 


20 
316 



S26 



T57M 

R63V/ 

S34 

1916 



270. Standard quarter-section comers are to be marked **S C J** 
and the section, all on the norUi half; as for example: , 

SC 
is 36 



1916 



271. Qvarter-section comers offMmmum control are to be marked 
(a) on a meridional line, ''}'' on the north, and the sections on the 
east and west halves; and, (6) on a latitudinal line, **i'* on the 
west, and the sections on the north and south halves; saiot example: 



i 
S Id*"! S 18 

1916 



S 21 

S28 
1916 



272. QiLarter-section comers of minimum control are to be marked 
**i** and the section, all on the half toward the particular section 
which is concerned; as for example: 



1916 



is\6 

1916 



iS7 
1916 
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278. Meander comers are to be marked '^M '' on t^ half towaid 
the meanderable body of water, and the additional marks (a) on a 
standard parallel or other line contvoUing surveys to one side <»ily, 
with the township, range and section toward the surveyed land; 
(b) on an exterior, with the township (or range) common to the 
adjoining townships, the ranges (or townships) upon the opppsite 
sides of the exterior, and the sections; and, (c) on a subdivisional 
line, with the township, range and sections; all aj^Mropriately set 
forth as follows: 



MC 




1916 



RI7W 




MC 




MC 



T23N 
S35 




RI7W 



T24N 



RITE 
513 


Rise 

518^ 


- — ""^MC 

iai6 


MC 


3 26 
T25N 


?2r" 

RI7e 



1916 



T25N 
S26 



RITE 
5 25 



MC 
1916 



MC 





MC 



274, Th/R interior quarter-section and all sixUenth^^ction comers, 
when required by the written special instructions, are to be marked 
in accordance with the scheme shown in the following diagram: 
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1 ^<* 




. <s* 


r-- 


" SIS 


••-!-- 


tA 

* 836 




ISIS 




1916 




1 




1 




s • 




1 








1 








1 




^^^^ NW^SX ^^ 


NAJsas 


^^ Ne4S34 


1 


-— ^^ 


••1 

c 


ISIS 






1916 






t 
t 


• 


\ 




1 


1 


1 




1 


1 


1 




1 


/ 


1 




,'**^ 


Ci SM 


c4 


r**" 


-•— - c— ^C 


^ 


----- e— c 


1 • 


S3S 


ISIS 


S36 




1916 




1916 




1 
1 


t 
1 


1 




1 


1 


1 




1 


1 


1 






4 


1 


ttif 


SW4'S36 ^^ 

1916 """•• 


.c 

$i S3S 

c 

1916 


1916 


1 • 


f 

1 




1 




1 




t 




1 




1 




1 




1 

• 


L^. 


w4»** 


...I 


*"si 

ISIS 




• 





—T 



"4 
tsslsjf 

JSI6 



s4 

sssjssl 

ISIS 



J 



276. Sixteenth-section comers of minimum control are to be marked 
with a key letter (N, E, S or W), to indicate the xxmtion of the 
monument, and ^'t'^" and the section, all on the half toward the 
particular section which is concerned; as for example: 



-w- 



N- 



•w- 



-H 



S4 
S36 



3 



1916 



e4 

S22 
1916 



Key 
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276. Special mtander comers are to be marked in accordance witJi 
the following scheme: 

Key letters (N, E, S, W or C) will be used in pairs to indicate 
the position of the subdivision - of - section line. 

W — c— c 



r 



N 
I 



I 



•w- 



N 



CD 



Key 



The marics "SMC will be placed on the half toward the mean- 
derable body of water, and the section on the opposite half, as for 
example: 






30/SMC 
1916 

277. Aumliary meander cornea will be marke4 "A M C" and the 
township, range and section; as for example: 

AM^C 

T64N R37W 

S29 

1916 

278. Closing subdivision -of- section comers are to be marked in 
accordance with the following scheme: 

Key letters (N, E, S, W or C) will be used in pairs to indicate 
the position of the subdivision - of - section line. 

■W— c — L — -| 



N 

I 

c- 

I 



LJ 



C— E 1 



■N 

I 
C 

I 

•s 



Key 
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The meakB *'C 0" and tihe iectioa will be placed on the half from 
which the cloedng Une approachee the monument. 
(The marks ''B I E" indicate "Blackfeet Indian Beeervation.") 

Pl/CC 





/S28 
BIR 
1916 




279. Markings for miscellaneous an^e poiats along irregular 
boundaries: 

T27 n/ For **angle point No. 4 " on the 

S 13 \t^^ boundary of the "Blackfeet In- 

RI7w\ <^^^^ Reservation/' falling on 

I9J6 surveyed land. 



AP 



For * * angle i)oint ** on the south 
TI2S R90W boundary of section 33, super- 

^_ S 33 seding an old standard comer on 

1916 ^ defective line, not subject to 

rectification. 

TI6N R7E For ''angle point No. 2" on 

|ap2 *^® l^imdary of a private claim 

^'* TR37 ("TractNo. 37") 'ailing on sur- 

1916 veyed land. 

For "angle point No. 12" on 
\ a reestablished meand^ line; the 

"^yniw °^^ "^ ^" *^^ ^® ®®^^ 
^y Sia niunber will be placed on the 

1916 l^^l' toward the land omitted 

from the original survey. 
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280* MarldDgsforiBtennediateoorneraakMiginegalarboi^ 

139 M For "139th mile earner" on 

N MCX the boundary line between the 

TEXAS States of **New Mexico and 

1916 Texas." 

For "3d mile comer" on the 
boundary of the "Blackfeet In- 
dian Reservation/' falling on 
unsurveyed land. 

For " 13th mile comer" on the 
boundary of the "Blackfeet In- 
dian Reservation/' falling on 
surveyed land, 

MARKS ON STONE MONUMENTS. 

281. Where a stone monument is established the letters, figures, 
and grooves will be cut on the exposed faces or sides of the stone, 
but not on its top or end; the notches will be cut upon the exposed 
vertical edges. Grooves are employed where the faces of a stone 
are oriented to the cardinal directions, and notches where the vertical 
edges are tumed to the cardinal points. All mMcs will be made 
from 1 to 1} inches in size, and will be plainly and pemianently 
chiseled into the stone. 

282. Standard tovmship comers (oriented with the faces to the 

cardinal directions) are to be marked "S C" on the north face, with 

&e township on the waaoB face, and the ranges on &e adjoining faces; 

as for example: 

S C 25 N on N., 

18 E " E., and 

17 E " W. face. 

288. CloHnff 0waMp comers (oriented with the faces to the 
cardinal directions) are to be marked "C C " and xdthBix (or fewer) 
grooves on the face from which the closing line approaches the 
monument^the grooves to indicate tl^e normal number of miles 
(or fractional parts) frcmi the monument to the adjoining township 
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eonier-*-^tk the toivniihip (or range) on the same face, and the 
ranges (or townships) cm the adjoining faces; also the initials or 
abbreviatioii of the State, reservation, grant or private claim, on 
the face toward such irregular tract as may be closed upon; as for 
exasiple: 

20 N on N., 
C C 120 W and 5 grooves (on line between sections 

5and32)on£., 

19 N on S., and 
UTAH " W. face. 

284* Comers common to four townships (oriented with the edges to 
the cardinal points) are to be marked with the townships on the 
northeast and southwest faces, and the ranges on the southeast and 
northwest faces; as for example: 

23 N on NE., 
18 E " SE., 
22 N " SW., and 
17 E " NW. face. 

285. Comers common to trvo townships only (oriented with the 
faces to the cardinal directions) are to be marked with the town- 
ship (or range) oomm(» to both on the lace toward the townships, 
and the ranges (or townships) on the adjoining faces; as Ux example : 

3 N on N., 
2 N " S., and 
7 W '' W. face. 

286. Comers referring to one township only (oriented with the 
edges to the cardinEal points) are to be marked with the township 
and range on the face toward the particular township; as for 
example: 

23 N 7 W on NW. face. 

287* Standard section comers (orieiited with the iacea to the car- 
dinal directions) are to be marked '^S C** on the north face, and 
with, from one to five giooves on the east and west faces, the grooves 
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to indicate, respectively, the number of miles from the monumeAt to 
the adjoining (regular) township comer; as for example: 

S C on N., 
1 groove on £., and 

5 grooves on W. face (standard comer of sec- 
tions 35 and 36). 

288. Cionng section comers (oriented with the faces to the cardinal 

directions) are to be marked '^ G G " and with from one to six grooves 

on the face from which the closing line i^^roaches the monument, 

and from one to five grooves on each of the adjoining faces — ^the 

grooves to indicate the number of miles (or fractional parts) from 

the monument to each of the three (regular) towi:»hip boundary 

lines in the same directions, respectively— «lso the initials or 

abbreviation of the State, reservation, grant or private claim, on 

the face toward such irregular tract as may be closed upon; as for 

example: 

2 grooves on E., 

CCand6 " " S., and 

4 " " W. face (on line between sec- 
tions 2 and 3 closing 
on. a standard par- 
aUel). 

289. Comers common to four sections (oriented with the edges to 
the cardinal points) are to b& marked (a) on an»exterior, withfn»n 
one to five notches each on two opxxmte edges, north and south on a 
meridional line, and east and w^ on a latitudinal line, each to 
indicate, respectively, the niunber of miles from the monument to 
the adjoining (regular) township comer; and (h) a subdivisional 
comer, with from one to five notches on the ef»t and south edges, 
oach to indicate* respectively, the number of miles from the monu- 
ment to the (regular) east smd south township boimdary lines; the 
subdivisional section comers of a fractional township will be marked 
with reference to the theoretioal position of normal east and south 
boundaries, whether surveyed or not; as for example: 

2 notches on K. and 4 notches on S. edge (for coiner of sec- 
tions 7, 12, 13 and 18 on a range line). 

2 notches on £. and 4 notches on W. edge (fear comer of sec- 
tions 2, 3, 34 and 35 on a township line). 

2 notches on E. and 4 notches on S. edge (for comer of sec- 
tions 10, 11, 14 and 15 of a subdivisional survey). 
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290. Section comers common to two sections only (oriented with 
the edges to the cardinal points) are to be marked with the sections on 
the faces toward the particular sections to which the comer belongs; 
as for example: 

S 13 on SW., and 

S 12 '' NW. face (for comer of sections 12 and 13 on the east 

boundary of a township). 
S 11 on NE., and 

5 10 ** NW. face (for comer of sections 10 and 11 of a subdivi- 

sional survey running north from the mon- 

imient). 
291» Section comers referrirtg to one section only (oriented with 
the edges to the cardinal points) are to be marked with the section 
on the face toward the particular section which is concerned; as for 
example: 

S 17 on NW. face (for southeast comer of section 17). 

292. Standard qtuirter-section comers (oriented with the faces to 
the cardinal directions) are to be marked **S C J" on the north face. 

298. Quarter-section comers of maximum control (oriented with the 
faces to the cardinal directions) are to be marked (a) on a meridional 
line, *' J" on the west face; and (6) on a latitudinal line, "J" on the 
north face. 

294:» Quarter-section comers of minimum control (oriented with the 
faces to the cardinal directions) are to be marked ^^i" and the sec- 
tion, all on the face toward the particular section which is con- 
cerned; as for example: 

i S 4 on S. face (for quarter-section comer on the north boundary 

of section 4). 

295. Meander comers (oriented with the faces to the cardinal 
directions) are to be marked '^M 0" on the face toward the mean- 
derable body of water, and with from one to six grooves on each of 
the other faces, each to indicate the number of miles (or fractional 
parts) from the monimient to the (regular) township boundary line 
in the same direction, respectively; aa for example: 
M C on N., 

6 grooves " E., 

4 " ** S., and 

6 " ** W. face (for meander comer of fractional sections 

13 and 18, on the south side of a meander- 
able body of water). 
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2M. Special and auxiliary meander oomere (oriented with the iMtt 
to the cardinal directions) aire to be marked *'S M C or '*A M C," 
as the case may be, on the face toward the meondeiable body d 
water, and the section on the opposite face; as for example; 
S M C on N., and 

S 19 '' S. face (for special meandw comer on a meridional 

subdivision-of-section line in section 19, 
on the south side of a meanderable body 
of water). 
S 20 on E., and 

A M C ** W. face (for auxiliary meander comer in section 20, 

on the east side of a meanderable body of 
water). 

MARKS ON TREE MONUBIENTS. 

297» Where the tme point for a comer is found to fall in the posi- 
tion occupied by a sound living tree, which is too large to be removed, 
the tree will be made the monument. A tree will be removed if it 
is too small to be marked, and a witness comer will be established 
in preference to marking an unsound tree, if the latter can not be 
removed. 

298. The species of the tree and its diameter, breast height, will 
be noted, where a tree is to be made a monument, and the appro- 
priate marks will be made upon the trunk of the tree immediately 
above the root crown. A series of marks to be made upon a particu- 
lar side of a tree will be scribed in a vertical line reading downward. 

299. In the case of certain trees, including the aspen, beech and 
locust (smooth, thin and permanently barked from sapling to ma- 
turity), the marks may be made preferably by scribing well into the 
bark and cambium (or live wood tissue) without blazing; the marks 
thus made will remain and be visible as long as the tree is soimd; 
on the other hand, in the case of practically all rough b^ked trees, 
the marks should be scribed into a smooth, narrow, vertical l^laze, 
specially prepared by removing just enough of the outer growth to 
expose a flat surface of the live wood tissue immediately under- 
neath the bark; the marks thus made will remain as long as the tree 
is sound, but the blaze and marks will be covered by a gradual over- 
growth, showing an outward scar for many years. In regions sub- 
ject to heavy snowfall it is desirable to make a small additional 
blaze at a height of 6 or 8 feet above the ground, which will serve 
to attract attention to the tree during the winter season. The ends 
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of all blazee should be smoothed of! gradually without maldng a 
flharp cut into the cambium. The lower end of the blaze upon 
which the marks are placed should be about 6 inches above the root 
crown, and its length should be just sufficient to take the marks. 

The practice relating to the manner of marking trees, as above 
outlined, is designed to cause the least possible injury to the tree, 
by enabling a rapid overgrowth ; also, to place the marks in a position 
where they will remain on the stump if the trunk should be re- 
moved. Various practices have obtained in the past in different 
localities, scmie of which are objectionable by causing unnecessary 
injury to a tree, or on accoimt of the marks being placed in a position 
where there is danger of their removal with the trunk in case the 
tree is cut down. 

800. The above theory applies equally to the marking of beadng 
trees, and the surveyor is advised, when making retracements, re- 
Burveys, etc., not to remove the overgrowth <m a tree monument or 
bearing tree unless it is absolutely necessary to do so in order to 
identify positively the particular tree. In the case of trees which 
have been blazed before marking, the number of rings contained in 
the overgrowth (or its equivalent on the adjoining section of the 
tree) will furnish an exact coimt of the number of years (one annual 
ring for each growing season) from the date of original marking to 
the date when uncovered. After an old blaze has been imcovered, 
conditions are favorable for the decaying process to set in, and the 
surveyor should adopt additional means to evidence the position 
of the comer. 

80^1. Standard tovmaJUp earners are to be marked '^S C and the 
township on the norUi side, and the ranges and section* on the east 
and west sides; as for example: 

SCT25N onN., 
R 18 H S 31 " E., and 
R 17 E S 36 " W. side. 

802, Closing township comers are to be marked *'C C" and the 
township (or range) on the side from which the closing line ap- 
proaches the monument, and the ranges (or townships) and sections 
on the adjoining sides; also the initials or abbreviation of the State, 
reservation, grant or private claim, on the side toward any irregular 
tract which may be closed upon; as for example: 

R 18 E S 6 on E., 

C T 24 N ** p., and * 

R 17 E S 1 " W. side. 
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808. Camera common to four townMps are to be marked inth the 
township and section on the northeast and southwest sides, and the 
range and section on the southeast and northwest sides; as for ex- 
ample: 

T 23 N S 31 on NE., 

R 18 E S 6 ** SE., 
T22NS 1 " SW.,and 
R 17 E S 36 " NW. side. 

804. Comers common to two townships only are to be marked with 
the township, range and section on the sides toward the particular 
townships; as for example: 

T2NR7WS lonSW.,and 
T 3 N R 7 W S 36 ** NW. side. 

806. Comers referring to one township only are to be marked with 
the township, range, and section on the side toward the particular 
township which is concerned; as for example: 

T 23 N R 7 W B 36 on NW. side. 

806. Standard section -comers are to be marked "S C" and the 
township and range on the north side, and the sections on the east 
and west sides; as for example: 

S C T 25 N R 17 E on N., 

S36 **E.,and 
S35 '*W.Bide. 

807* Closing section comers aiie to be marked *'0 C" and the 

township and range on the side from which the closing line api«oaches 

the monument, and the sections on the adjoining sides; also the 

initials <»r abbreviation of the State, reservation, grant or pdvate 

claim on the side toward any irregular tract which may be closed 

upon; as for example: 
^ SI onE., 

C C T 24 N R 17 E " S., and 

S2 " W.side. 

808. Comers common to four sections are to be marked (a) on an 
exterior, with the township (or townships), ranges (or range) and 
sections; and (6) a subdi visional comer, with the township, range 
and section; all appropriately set forth as follows: 

T25NS 7onNE., 
R 18 E S 18 ** SE., 

B 17 E S 13 " SW., and 

S 12 ** NW. side. 
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T 26 N S 36 on NE., 

K 17 E S 1 ** SE., 

T 25 N 8 2 ** SW., and 
S35 ** NW.Bide. 

T25N824onNE.» 
B17Eft26 ** SE., 

8 26 ** SW.,and 

8 23 " NW.Bide. 

809« Section eoman common to two sections only are to be marked 

with the township and section and the range and section on the 

sides toward the particular sections to which the comer belongs; 

as for example: 

T 14 8 8 11 on NE., and 

R20W810"NW.8ide. 

810. Section comers referring to one $eciion only are to be marked 
with the township, range and section on the side toward the par- 
ticular section which is concerned; as for example: 

T 27 N R 16 W 8 17 on NW. side. 

311* Standard quarter-section comers are to be marked ^'8 € i" 
and the section, all on the north side; as for example: 

8Qi836onN.side. 

812* Quarter-Section comers of maximum control are to be marked 

(a) on a meridional Une, **i** and the section on the. west side, and 

the section on the east side; and (&) on a latitudinal line, "I*' and 

the section on the north side, and the section on the south side; Ba 

Uxt example: 

8 18 on E., and 

iSld " W.side. 

i821onN., and 
8 28 " 8. side. 

818* Qvarter-section comers of minimum control are to be marked 
**l" and the. section, all on the side toward the particular section 
which is concerned; as for example: 

i 8 7 on E. side (for quarter-section comer on the west boundary 

of section 7). 

814< Meander comers are to be marked ^'M C" on the side toward 
the meanderable body of water, and the additional marks (a) on a 
standard parallel or other line controlling surveys to one side only, 
with the township, range and section on the side toward the sur- 
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veyed land; (6) on an exterior, with the township (or range) ccnnmon 
to the adjoining townships on the side opposite the meanderahle 
body of water, and the ranges (or townships) and the sectioiis on 
the adjoining sides; and, (c) on a subdivisional line, with the town- 
ship and range on the side opposite the meanderahle body of wat^, 
and the sections on the adjoining sides; as for example: 

M C on E., and 

T25NR17ES33 ** NW. side (for meander comer on a 

standard psialM, on the 

west side d a oMuideiw 

able body of wster). 
T 24 N on N., 

R 18 E S 18 " B., 

M C " S., and 

R 17 E 6 13 *^ W. side (for meander comer on a range line, 

on the north side of a meanderahle 

body of water). 
T 23 N S 35 on N., 

M C " E., 
T 22 N S 2 " S., and 

R 17 W ** W. side (for meander comer on a tovmAip 

line, on the west side of a mean- 
derahle body ol water), 
S 23 on N., 
T 25 N R 17 E ** E., 

S 26 " S., and 

M C '* W. side (for meander comer on a lad* 

tudinal section line, on the 
east side of a meanderahle 
body of water). 
M C on N., 

S 9 " E., 
T 4 K li 7 W " S., and 

S 8 " W. side (for meander comer on a meridional 

section line, on the south side of 

a meanderahle body of water). 

816. Special and auxiliary meander comers are to be marked 

**S M C*' or •'A. M C", as the esse may be, on the side toward the 

Ineanderable body of water, and the section on the* opposite side; 

-as for example: 
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8 M C on E., and 

S 14 ^' W. aide (for special meander comer on a latitudinal 

subdivision-of -section line in section 14, 

on the west side of a meanderable body 

of water). 
A M C on N., and 
S 9 " S. side (for auxiliary meander comer in section 9, 

on the south side of a meanderable body 

of water). 

CORNER ACCESSORIES. 

8 16* The purpose of a comer accessory is to evidence the position 
of the original monument. A connection is made from the monu- 
ment to fixed natural or artificial objects in its immediate vicinity, 
whereby the former may be relocated from the latter, thus in the 
event of the destraction or removal of the comer monument, its 
original position may be identified as long ob any part of the acces- 
sories remains in evidence. The accessories consist of three general 
classes, one or more of which are to be employed at each and every 
comer established in the public-land surveys, preference being 
given to the same in the order of their permanency conditional 
upon the character of the ground in the locality of the moniunent, 
as follows: 

(a) Bearing trees, or other natural objects such as notable cliffs 
and boulders; permanent improvements; and memorials; (b) mound 
of stone; and (c) pits. 

81 ?• The surveyor can not 'perioTm any more important service 
in connection with his official duties than to employ whatever 
means may be necessary permanently and accurately to evidence 
the location of the legal comers established in his survey, and where 
the usual accessories, or combinations of the same, can not be em* 
ployed, such other means should be adopted as will best serve tiie 
purpose. 

818. The accessories for witness comers will be the same as though 
the comer were established at its tme point, but the marks upon 
the bearing trees or other objects will be preceded by the letters 
"W C", and the section nimiber will be made to agree with the 
section in which the tree or object actually stands. 
65465»— 19 17 
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BEARING TREES, BEARING OBJECTS, AND liBMOKXALS. 

819. Bearing trees, or other natural objects, are to be selected 
for marking when the same are available within a distance of 5 
chains of the comer monument, and where the r^ular quota, here- 
inafter described, is not available, one tree or object will be marked 
in each section affording such accessory. A full description of the 
tree or object will be embodied in the field notes as a part of the 
record of the comer monument. One tree, or object, will be marked 
in each section cornering at the moniunent, when available, and the 
true course and horizontal distance from the exact comer x)oint to 
the center vertical axis of the tree at its root crown, or to the cross 
(X) upon a marked object, will be carefully determined and 
recorded with the description of the tree, or object, and its marks. 
ThQ species of a tree and its diameter, at breast height^ will be 
recorded; and, in the case of a cliff or bowlder, the description will 
embrace such essential details as may be necessary to serve for its 
ready identificat^ion. 

820. The marks upon a bearing tree wiU be made upon the- side 
facing the comer and will be scribed in the maimer already outlined 
for marking tree comer monuments. The marks wiU embrace the 
information su^ested in the schedule hereinafter given, with such 
letters and figures as may be appropriate for a particular comer, and 
will include the letters " B T " ; a tree will always be marked to agree 
with the section in which it stands, and will be marked in a vertical 
line reading downward, ending in the letters **B T^ at the lower 
end of the blaze approximately 6 inches above the rpot crown. 

821. There ia a great difference in the longevity of trees, and in 
their rate of decay, etc. ; trees should therefore be selected, if possible, 
with a view to the length of their probable life, their soundness, 
favorable site conditiona and size. Sound trees from 6 to 8 inches 
in diamet^, of the mpst harfly. species, favorably located, are to be 
preferred for marking. Trees less than 4 inches in diameter will 
not be selected lor marking if larger tr^es are available, and it is 
generally better to avoid marking fully matured trees, especially 
those showing signs of decay. Trees lees than 4 inches in diameter, 
if no better treee are available, will be marked with the letters 
*'B T'' only. The species, size and exact position of the bearing 
trees are of vital importance, sa this data will generally serve to 
identify a bearing tree without uncovering the marks, or even to 
identify two or more stumps after all evidence of the marks haa 
disappeared. 
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ft22. QetkemXky only one tree will be marked in each section at 
a particular comer, but in certain instances, hereinafter described, 
two trees are required in a section. In such cases it is better to 
select trees of different species, or of widely different size, direction 
or distance, if the trees are of the same species, in order that confusion 
may be avoided in the future identification of a remaining tree where 
the companion tree has disappeared. 

323* A cross (X) and the letters ^'B 0" and the section nimiber 
will be chiseled into a bearing object, if it is of rock formation, 
and the record should be such as to enable another surveyor to 
determine where the marks will be found. 

324. A connection to any permanent artificial object or improve- 
ment may be included in this general class of comer accessories. 
The field notes should be explicit in describing such objects, and 
should indicate the exact point to which a connection is made, as 
** southwest comer of foundation of Smith's house," "center ot 
Smith's well," *'pipe of Smith's windmill," etc. No marks will be 
made upon private property. 

325. In every case where it is impossible to make a single connec- 
tion to a bearing tree or other bearing object, as above described, 
and where a mound of stone or pits are impracticable, a suitable 
memorial will be deposited at the base of the monument. A memo- 
rial may consist of any durable article which will serve to identify 
the location of the comer in case the monument is destroyed. Such 
articles as glassware, stoneware, a marked (X) stone, a charred 
stake, a quart of charcoal, or pieces of metal will constitute a suit- 
able memorial. A full description of such articles will be embodied 
in the field notes wherever they are employed as a comer accesscwry. 

MOXmn OT STONE. 

326. Where native stone is available and the surface of the 
groimd is favorable, a moimd of stone will be employed as an ac- 
cessory to a comer monument, provided that a full quota of trees or 
other bearing objects can not be utilized. A mound of stone erected 
as a comer accessory will be built as stably as possible, will consist 
of not fewer than five stones, and will be not less than 2 feet 
base and 1 J feet high. In stony ground the size of the mound will 
be sufficiently increased to make it conspicuous. The position of 
the moimd will be as shown in the schedule hereinafter stated, and 
the nearest point on its base will be separated about 6 inches distant 
from the monument. The field notes will show the size and posi- 
tion of the moimd. 
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827<. Where it is necessary to support a momiioeiit in a stone 
mound, no additional mound will be ^nployed as an accesscny; and, 
if bearing trees or other objects are not available, a marked (X) 
stone or other memorial will be deposited at the base of the monu- 
ment. 

prrs. 

328. Where the full quota of treefi or other bearing objects are 
' tmavailable for marking, the position of the monument will, under 
certain feivorable conditions, be evidenced by pits. No pits should 
be dug in a roadway, or where the ground is overflowed for any con- 
siderable period, or upon steep slopes, or where the earth will wash, 
'or in a loose or light soil, or where there is no native sod, or where 
suitable stone for a mound is at hand. 

A firm soil covered with a healthy native sod is most favorable 
for a permanent pit. Under such conditions the pits will gradually 
fill with a material slightly different from the original soil, and a new 
species of vegetation will generally take the place of the native 
grass; these characteristics, under favorable conditions, make it 
•possible to identify the original location of the pits after tbe lapse 
of many years. 

829. All pits will be dug 18 inches square and 12 inches deep, 
with the nearest side 3 feet distant from the comer monum^it, 
oriented with a square side (and not a ccwner) towards the monu- 
ment, arranged as shown in the schedule hereinafter given; the 
earth removed will be scattered in such a way that it will not again 
fill the pits. A description of the pits will be embodied in the 
field notes, and will include, in every instance, a statement of their 
tdze and position; this is particularly important in view of the 
fact that the practice herein outlined differs materially (in the inter- 
est of simplicity) from that set forth in earlier editions of the Manual. 

ARRANGEMENT AND MARKING OP CORNER ACCESSORIES. 

330. Standard tovmship comers. 

Standard section comers. 
Two bearing trees, one in each section north of the standsurd 
parallel, each marked '' S C '' and the township, range and section; as 

T 25 N R 18 E S 31 S B T, 

Mound of stone, north of comer. 
^ Three pits, one each on line north, east and west. 
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881* Clotiag townMp comerg, 

CUmng aeetian comers. 

Two beanng treee, one in ^adi section to the right and left of the 

closing line, each majrked ''C C" and the township, range ancl 

flection; aa 

T24NR18ES6CCBT. 

Mound of stone, on the cloedng line. 

Three pits, one on the closing line and one each to the right and 
left on the line closed upon. 

882. Comers common to four townships. 

Four bearing trees, one in each section, each marked with iht 
township., range and section; as 

T 22 N R 17 E S 1 B T. 

Mound of stone, south of comer. 
Four pits, one each on line north, east, south ^nd west. 
833, Comers common to two townships only. 
Two bearing trees, one in each siection cornering at the monument^ 
each marked with the township, riiige-aiid section; as 

T2NR7WS1BT. 

Mound of stone, on th^ line between the i^o to'wnships cornering 
at the monument. 

Three pits, one ' each on the three lines connecting at the 
monument. 

884. Comers referring to one township only. 

Two bearing trees, both iA the townohtp cornering at th e mexuimenty 
each marked with the towneiijp, lau^e and section; as 

T 23 N R 19 W S 36 fi T. 

Mound of stone, in the township commng at the monument, at 
45® from cardinal direction at the monument. 
Two pits, one each on the two lines connecting at <tie monument. 

885. Comers common to four sections. ? 
Four bearing trees, one in each section, each marked with the 

township, range and section; as 

T 26 N R 17 E S 35 B T. 

Mound of stone, west of comer. 

Four pits, one in each section northeast, southeast, southwest and 
northwest. 

886. Section comers common to two sections only. 

Two bearing trees, on/s in each section cornering at the monument, 
eadi marked with the towncfttip, xsmge and section; as 

T 14 S R 17 E S 12 B T. 
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Mound of stone, on the line between the two sectionB comeiing at 
the monument. 

Two pits, one in each section at 45^ from cardinal directioti at the 
monument. 

887. Section comen referring to one section only. 

Two bearing trees, both in the section cornering at the monument, 
each marked with the township, range and section; as 

T 27 N R 16 W S 17 B T. 

Mound of stone, in the sectian comedng at the monument, at 45^ 
from cajrdinal direction at tke monument. 

Two pits, one 3 feet and one 6 feet distant, both in the section cor- 
nering at the monument, at 45^ from cardinal direction at the monu- 
ment. 

888. Standard qua^ter'aection comers. 

Two bearing trees, both north of the standard parallel, each marked 
*4" and "SO" and the section; as 

iS36SCBT. 

Mound of stone, north of comer. 

Two pits, one etych. on line east and west. 

889. Qtujrter-section corners of maximurn control. 

Two bearing trees, one in each section, each marked ^'^ '' and the 

section; as 

J S 16 B T. 

Mound of Bt<me: (a) On a meridionid line, west of comer; and, 
(b) on a latitudinal line, north of comer. 

Two pits, one in each direction <m the line passing through the 
monument. 

840, Quarter-section comers of minimum control. 

Two bearing trees, both in the particular section which is con- 
cerned, each marked ''!'' and the section; as 

J S 7 B T. 

Mound of stone, in the particular section which is concerned, in a 
cardinal direction from the monument. 

Two pits, one in each direction on the line passing through the 
monument. 

841. Meander comers. 

Two bearing trees: (a) On a standard parallel or other line con- 
trolling surveys to one side only, both in the particular section 
which is concerned; and (6) on all other lines, one in each section 



CXMtNER UaNUMENTS* 



255 



to the right and left of the Mne; aU marked ''M 0** and with the 
township, range and 8ecti<»i; aa 

T25NR14BS82MOBT. 

Mound of stone, on the surveyed line on the opposite side of the 
monument from the meanderable body of water. 

Two pits, one 3 feet and one 6 feet distant, on the surveyed line 
on the opposite side of the monument from the meanderable body 
ol water. 

842. The interior quarter'SecHon and all tixteenifhsection comers^ 
when required by the written special instructions. 

Two bearing trees, marked (with letters and figures ending in 
^'B T'') as shown in the following diagram: 

Moimd of stone, in a cardinal direction from the monument, as 

diown (with symbol " .^ ^*) in the following diagram: 

Two pits, in a cardinal direction from the monument, as shown 
(with symbol ** O ") in the following diagram: 
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QiB. SixUen(l^$ecti(me<mur$ofmhdmuni 

Two bearing trees, both in the particiilar section /which ii con- 
cerned, each marked with a key If tter (N, £, S or W) to indicate 
the position of the monument, wd ''^" and th^ section; aa 



a 






IM 



N iL S 18 &T. 



J 



Key 



Mound of stone, in the particular section which is concerned, in 
a cardinal direction from the monument. 

Two pits, one in each direction on the section line passing through 
the monument. 

344. Special and auxiluary metmcUr eomers. 

Two bearing trees, each marked "S M C " or *^A M C," as the case 
may be, and the section; as 

S 14 S M B T, or 
' . S14AMCBT. 

Mound of stone, on the opposite side of the monument from the 
jneanderable body of water. 

Two pits, one 3 feet and one 6 feet distant, on the opposite side ol 
the monument frOm the meanderable body of water. 

845* Closing subdimaion-of-aecUon comers. 

Two bearing trees, both in the particular section which is con- 
c^ned, each marked ''0 C and the section; as 

S900BT. 

Moimd of stone, on the closing line. 

Three pits, one on the closing line and one each to the right and 
left on the line closed upon. 

846* MisceUaneoTis angle points aiong irregular hotmdaries. 

(a) Two bearing trees, where the monmnenta are less than 1 mile 
ftpart, one on each side of the boundary; and (6) four bearing trees, 
where the monuments are 1 mile or more apart, two on each side of 
the boimdary; each marked "A P" and a serial or section number. 
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or both, also the initials or abbreviation of the State, reservation, 
giant, private claim or public land, as appropriate; as 

A P 2 TR 37 B T, and 

A P S 14 B T (for "angle point No. 2'* on the boundary 

of a private claim "Tract No. 37 " fall- 
ing on surveyed land). 

Mound of stone, on the medial line between the boundary lines 
intersecting at the moniunent, and in the direction toward the S^ate, 
reservation, grant or private claim. 

Two pits, one in each direction on the lines intersecting at the 
moniunent. 

847» Intermediate camera along irregular boundaries. 

(a) Two bearing trees, where the monuments are less than 1 mile 
apart, one on each side of the boundary; and (6) four bearing trees, 
where the monuments are 1 mile or more apart, two on each side of 
the boimdary; each marked with the number of the mile or half- 
mile comer and the letter "M" (to indicate "mile comer'*), and 
the initials or abbreviation of the State, reservation, grant, private 
claim or public land, as appropriate; as 

47 M COLO BT, and 

47 M OKLA BT (for "47th mile" comer on the boimdary 

line between the States of "Colorado** 
and "Oklahoma"). 
Moimd of stone, on a line at right angles to the boundary, and in 
direction toward the State, reservation, grant or private claim. 
Two pits, one in each direction on the boundary. 



CHAPTER V. 

RESTORATION OP LOST CORNERS. 

IDENTIFICATION OF EXISTENT CORNEBS. 

848. It is the purpose of this chapter of the Manual to outliue 
the guiding principles which are to be observed in the identification 
of existent comers, and thereafter to set forth the particular rules 
which are to be applied in the recovery of the positicm of lo^ comers 
originally established in the execution of the United States rec- 
tangular surveys. 

All surveyors, whether employed by the United States or not, 
are cautioned to note the difference between the regulations per- 
taining to the establishment of the original surveys of the public 
lands and those r^ating to the subsequent identification of said 
official surveys and the replacement of misHiTig monuments thereof. 

In the extension of the rectangular surveys it devolves upon the 
United 'States surveyor to identify the initial lines of his group and 
to replace all lost comers thereof. On the other hand in the sub- 
division of sections and in the location of pro^rty lines generally, 
it falls to the coimty or other local surveyor to identify the official 
comers, and where a required comer is missing the local surveyor 
will be called upon to recover the point. Thus it will be seen that 
local as well as United States surveyors are constantly called upon 
to search for existing evidence of original monuments, and in this 
work the surveyors will be guided by the same general methods. 
Should the search for a monimient result in Mlure, the appropriate 
restorative surveying process to be observed by either surveyor will 
be based upon the same rules as hereinafter outlined. The text 
that follows draws no distinction between the duties of the two 
classes of surveyors. 

849. The terms "comer" and ** monument" are used largely in 

the same sense, though a distinction should be noted to clarify the 

subject matter of this chapter. The term "comer" is employed 

to denote a point determined by the surveying process, whereas the 

"monument" is the physical structure erected for the purpose of 

marking the comer point upon the earth's sur&ce. 

259 
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850. An existent comer is one whose position can be identified 
by comparing the evidence of the monument or its accessories on 
the ground, with the record contained in the field notes of the 
original survey, or where the point can be determined otherwise 
by suitable testimony. ' 

851. The process of again bringing to li^t the physical evidence 
of an original monument is foimded on the principle of intelligent 
search for the calls of the field notes of the original survey, guided 
by the controlling influence of known points. The problems 
incident to the search are vastly simplified whenever a retraceznent 
may be projected from known points, and the final search for a 
monument should cover the zone surrounding one, two, three or 
four temporary points' as may be determined by connections with 
known comers in one, two, three or four directions, according to 
the number of points which wUl ultimately control the relocation 
in case the comer in question should be declared lost. 

36^. The character of the origin^i monument is the most impor- 
tant factor in regard to its lasting <|ualities, and the search should 
be directed to an examination for such evidence as may reasonably 
be expected to remain. The evidence is bound to range from 
that i^hich is least conclusive to that which is unquestionable, and 
the requisite support of corroborative evidence is necessary in 
direct proportion to the uncertainty of any feature r^;arding whose 
auth^iticity there may be danger of dispute. 

A stcme, wooden post, tree comer, deposit comer, and the modem 
Iron post monument are all subject to more or less deteriorating 
changes through vjunous influences, depending upon the character 
of the original monument, its local site conditions, and the lapse of 
time, and all such factors should be taken into consideration when 
comparing the particular evidence in question with the description 
contained in the original field notes. 

858. If the evidence of the monument is not fully conclusive, the 
surveyor's attention will be directed at once to the record acces- 
sories; this step is so generally necessary that it should be considered 
simultaneously with the search for the monument; in fact, in their 
broader significance the accessories are a part of the monument. 

The underlying principles relating to the identification of the 
comer accessories, subject to the changes which may be expected in 
the period intervening after the date of the original survey, have 
already been fully outlined in Chapter IV, It will suffice to state 
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that the evidence of the accesBories should agree with the record 
contained in the field notes of the original survey, subject aaly to 
such dianges as may reasonably be expected. 

864* In case of material disagreement between the particular 
evidence in question and the record calls, the process of elimina- 
tion of tliose features regarding which there may be doubt, after 
making due allowance iat natural changes, will serve a most useful 
purpose, as follows: 

(a) The character and dimensions of the monument in. evidence 
should not be widely different from the record; 

(b) The markings in evidence eAiould not be inconi^stent with 
the record; and, 

(c) The nature of the accessories in evidence, including size, 
position and markings, should not be greatly at variance with the 
record. 

A certain measure of allowance for ordinary discrepancies should 
^ter into the consideration of the evidence of a monument and its 
accessories, and no definite rule can be laid down as to what riiall be 
sufficient evidence in such cases. Much must be left to tiie skill, 
fidelity and good judgment of the surveyor in the performance of 
his work, ever bearing in mind the relation of one monument to 
another, and the relation of all to the recorded natural objects and 
items of topography. 

855. A comer will not be considered as lost if its position can be 
recovered satisfactorily by means of the testimony and acts of wit- 
nesses having positive knowledge of the precise location of the 
original monument. The expert testimony of surveyors who may 
have identified the original moniunent prior to its destruction and 
thereupon recorded new accessories or connections^ etc., is by far 
the^most reliable, though landowners are often able to furnish 
valuable testimony. The greatest care is necessary in order to 
establish the bona fide character of the record intervening after the 
destruction of an original monument. Full inquiry may often 
serve to bring to light various records relating to the original comers, 
and memoranda of private markings, etc., and the surveyor should 
make use of all such sources of information. The matter of boundary 
disputes should be carefuUy looked into in so far as adverse claimants 
may base their contentions upon evidence of the original survey, 
and if such disputes have resulted in a boui^dary suit, the reccard 
testimony and the court's decision should be carefully examined 
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relative to any infonnatioiii which may died light upon the positian 
of an original monument. 

The testrmony of individuaLs may relate to knowledge of the orig- 
inal monument or the accesKnieB, prior to their destruction^ or to 
any other marks fixing the locus of the original survey, and the value 
of such testimony may he wd^ted in proportion to its completeneoB 
and agreement with the calls of the field notes of the original survey, 
also upon the steps taken to preserve the location of the original 
marks. All such evidence should be put to the severest possible 
tests by confirmation relating to known original comers and other 
calls of the original field notes, particularly to line trees, blazed 
lines and items of toi)ography. 

It is impossible to outline a definite rule, for the acceptance or 
non-acceptance of the testimony of individuals. Corroborative evi- 
dence becomes necessary in direct proportion to the uncertainty of 
the particular statements advajaced by the individual who testifies. 
It will be well for the surveyor to bear in mind that conflicting 
statements and contrary views of interested parties are fruitful of 
boimdary disputes. 

856. In those cases where witness comers were established in the 
original survey, the true point for the comer will be controlled by 
such witness comer, when the latter can be identified, by reference 
to the record in accordance with the general plan of the survey. 
The usual diligent search will be made for witness comers, but "Where 
the same can not be identified the position of the true point for the 
comer will usually be of major importance, rather than the point 
for the witness comer, and in such instances the surveyor will pro- 
ceed directly to the re-determination of the true comer position, 
adopting the particular methods which should govern the case in 
hand. Should it become necessary to restore a lost witness comer 
the general principles herdnafter outlined will be observed. 

857. In the absence of an original monument, a line tree, or a defi- 
nite connection to natural objects, or to improvonents, which can 
be identified, may each ^ a jwint of the original survey for 
both latitude and departure. The mean position of a blazed line, 
when identified as the original line, may sometimes help to fix a 
meridional line for departure, or a latitudinal line for latitude. Other 

alls of the original field notes in relation to vadious items of top<^a- 
phy may assist materially in the recovery of the locus of the original 
survey. Such evidence may be developed in an infinite variety. 



RESTORATION ' or L09T COITNSBS. 263 

It may be only such as to disprove other questionable features, 
or it may guide the surve^r in a general way in arriving at the 
immediate vicinity of a line or comer, or in its beet phases may be 
eudi as to fix the position of a line or comer beyond any doubt. 

S58* A certain measure of allowance should be made for ordinary 
discrepancies in the calls relating to items of topogra|^y. Such 
evidences should be considered more particularly in the aggregate, 
and when they are found to be corroborative an average may be 
secured to control the final adjustment, which will be govemed 
largely by the evidences nearest the particular comer in question, 
giving the greatest weight to those features which agree most har- 
moniously with the record, and to such items as afford definite con- 
nection. A careful analysis will generally reveal the merits of au- 
A^itic evidences as opposed to unreliable features bearing re- 
semblance to the calls of the field notes, and in this matter the sur- 
veyor will find an opportunity to exercise his skill to the fullest 
capacity. 

8&9. It is a matter of utmost importance to detemiine where an 
identified call of the original field notes shall operate to control for 
both latitude and departure, or for either Coordinate by itself, and 
finally as to the necessity for applying the rules for proportionate 
measurement where the distance between the identified points is 
oonsidemble. 

RESTORATION OF LOST CORNERS. 

360. A lost comer is a point of a survey whose position can not 
be determined, beyond reasonable doubt, either from original traces 
or from other reliable evidence relating to the position of the original 
monument, and whose restoration on the earth's surface can be 
accomplished only by means of a suitable surveying process with 
reference to inter-dependent existent corners. 

861. The surveyor is not prepared to consider the restoration of 
a lost comer until he has exhausted every other means of identifying 
its original position, and at this stage of his work he should have 
determined upon an approximate position of the original monument 
based upon his findings resulting from retracements leading from 
known comers to the lost comer, from one, two, three or four direc- 
tions in accordance with the plan of the original survey. The prin- 
ciple of proportionate measurement, which most nearly harmonizes 
surveying practice with the legal and equitable considerations 
involved in controversies concerning lost land boundaries, enters 
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into the problem at thk stage, and thk plan of relocating a loet 
comar will always be employed unless outweighed to the contrary 
by physical evidence of the original survey. In cases where the 
relocated comer can not be made to harmonize with all the calls 
of the original field notes, due to unexplained discrepancy wliich 
is made apparent by the retracement, the surveyor is required to 
determine which calls will be given major control, and those which 
must be subordinated. 

802* The preliminary retracements furnish the only possible 
means of arriving at the discrepancies of the courses and distances 
of the (fflginal survey as compared with those derived in the process 
of re-running the lines, and the whole problem of proportionate meas- 
urement is one involving the adjustment of said discrepancies. The 
restoration of the lost comers can not proceed until the relaracement 
of the original survey has been completed. The retracement will 
be based upon the courses and distances returned in the field notes 
of the original survey, or the equivalent by calculation, initiated 
and closed upon known original comers. Temporary stakes for 
future use in the relocation of all lost comers may be set when 
making the retracements. 

868. As has been observed, existing original comers can not be 
disturbed; consequently discrepancies between the new and the 
original record measurements of the line connecting the identified 
original comers will not in any manner affect measurements beyond 
said comers, but the differences will be distributed proportionally 
within the several intervals embraced in the line in question. 
— 864. A proportionate measurement is one resulting in concordant 
xelation between all parts of an original record length of a line and 
the new distances given to the several parts as determined by the 
re-measurement, in such a manner that the new distance given to 
any part of a line shall bear the same relation to the original record 
length of that part of the line as the new measurement of the whole 
line bears to the original record length of said line. The ordinary 
field problem consists in distributing the excess or defid^cy 
determined by comparing the new measurement with the record 
distance between two original existent monuments, in such a man- 
ner that the amoimt of excess or deficiency given to each interval 
shall bear the same proportion to the whole difference as the record 
length of the interval bears to the whole record distance. After 
having applied the proportionate difference to the record length of 
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eftch ifitenral the 0um of the sdjusted lengths will equal the new 
in«0iiieinent of the whole distance. 

8M« The tenn '^sin^ proportionate measurement" is applied 
to a new measurement made on a single line to determine the posi- 
tion fheieon lor restoring a lost comer, for example, a quarter-section 
corner on line between two original section confers. The term 
^dotilde inx)p(»iionate measurement'' is employed to signify new 
measurements made between four origiQal c(»iiers on intersecting 
meridional and latitudinal lines for the piupose of fixing by relation 
to botb lines the positioB of a lost comer, for example, a coiner 
oonmnon to four seotiooos or loiur townships. 

866* It will almost invariably happen that discrepancies will be 
developed between tihe new measurements and the original measure- 
ments recorded in the field notes. When these dijfferencee occur the 
surveyor will genemlly be required to adopt a proportionate 
measurement based upon a process conforming to the method 
followed in the original survey. The principle of the preponder- 
ance of oiie line over another ol less importeace is recognized, in 
order to detmanine upon, the procedure relative to sin^e or double 
proportionate meaoirement, or o^r rule to be adopted in ord^ 
to limit the control and at the same time harmonize the restorative 
pfocess with ^e method followed in the original survey. Thus 
standard parallels will be given precedence over other township 
exteriors, and the latter will be given precedence over subdivisional 
lines; j^ection coroerB will be relocated bef(»re the podtlon of lost 
quarter-eectidn comers can be determined. 

PRIMARY METHODS. 
(a> DOVBU FEQPOKEIOKA.TX MEASUBKMENT. 

807« Themethod<^ double proportionate ioieasurement is generally 
applicable to the restomtion of lost comers of four towndiips and of 
lost interk>r comers of foiur sections. It is the best example of the 
basic principle that monuments north «kI south should control the 
latitudinal positioii of a loi^ com^, and montun^its eadt and west 
diould ccmtrol the longitudinal positioii of a lost comer, upon a plan 
by which the influence of one identified origiiial comer is balanced 
by the centred of a corresponding or^^inal comer upon tJie opposite 
side of a particular missii^ comer whidi is to be restored, each 
identified original comer being given a controUing weight inversely 
proportional to its distance from the lost comer. 

55466«— 19 18 
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368. In order to restore a lost comer of four townships, where all 
of the connecting lines have been established in tiie field, a retzace- 
ment will first be made betwe^i the nearest identified <»iginal 
comers on the meridional line, north and scmth of the rmmenn^ comer, 
upon which line a temporary stake wHl be pkced at the proper 
proportionate distance. This will determine the latitude of the 
lost comer. Next, the nearest original comem <m the latitudinal line 
will be connected and a point thereon will be determined by pro- 
portionate measurement in a similar manner, independent of the 
temporary stake on the meridional line. The second temporary 
point will determine the position of the lost ixaaier in d^iarture. 
Then through the first temporary stake run a line east or west, and 
through the second temporary stake a line nortii or south, as relative 
situations may determine. The intersection of the two lines last ran 
will define the position of the restored com^ by '' double propor- 
tionate measurement.'' 

869. In tiie accompanying diagram the pdnts "A," "B," "C* 
and ^'D'' (on the small scale) rei»esent four original comers; and 
(on the large scale) ^'E'' represents the propcwticmal point between 
**A" and "B," for measurement only, and similariy, ^'P** represents 
the proportional point between "G" and "B." The point "X" 
satisfies the first control for latitude, and the second control lor 
departure. 

870. The plan of double proporticHmte measur^nent will be 
applied to the restoration of lost comers of four townships where all 
the lines therefrom have been run. Lost interior comers of lour 
sections, where all the lines therefrom have been run, will also be 
reestablished by double proportionate measurement, qfter first 
relocating the required lost section comers on the townehipexteriors. 
When a number of comers of four sections^ and the intermediate 
quarter-seetum comers, are missing on all sides of the one sou^t 
to be reestablished, the entire distuice must, of course, be re- 
measured between the nearest identified comers both n<»th and 
south, and east and west, in acoocdance with the rule laid down. 

871. Where one of the connecting lines has not been established 
in one directioii feom the mfsFang township or section corner^ the 
record distance to the nearest identified comer in the oppomtB 
direction will prevail in Meu of a pioporiioiial mteaaur^nent. T1lIgu% 
in the samte diagram, if the iatitudinal Hne in the direct!^, el 
the point ''D'' had not i^eenestaliliflhed in the oraginal survey,, 4h9* i 
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position of the point "F" in departure would have been deter- 
mined by reference to the record distance from the point "C,** 
whereupon the point "X " would h|ive been fixed by cardinal ofeete 
from the points "E" and **F" as before. Again, in rare instances, 
where the intersecting lines have been originally established in 
only two of the directions, the record distances to the nearest iden- 
tified comers on the two lines will control the position of the tem- 
porary points from which the cardinal offsets are to be made. 

(&) SINGLE PBOPOBTIONATB MS4SUBSMENT. 

872. The method of single proportionate measurement is gener- 
ally applicable to the restoration of lost comers on standard parallels 
and other lines established with reference to definite alinement in 
one direction only. Intermediate comers on township exteii&rs 
and other controlling boundary lines are to be included in this claas. 

878. In order to restore a lost ccaner by single proi)ortionate 
measurement, a retracement will be made connecting the nearest 
identified regular corners upon the particular line in question, the 
record of which shows no deflection in alinement; a temporary stake 
will be set on the preliminary line at the original record distance; 
the total distance will be meaaured, also the falling at the objective 
comer. The temporary stake will then be adjusted for the pro- 
portional part of the difference between the record distance and 
the re-measurement, also for its proportional part of the fallings 
Thus the adjusted position will fall on the true line connecting the 
nearest identified comers, and at the same proportional interval 
from either aa existed in the original survey. Any number of lost 
points, on the same straight line, may be recovered by the same 
plan, setting a temporary comer for each at the time when making 
the retracement. On the retracement of an east and west line, the 
proper adjustments to secure the true latitudinal curve should be 
allowed for as outlined in Chapter II. 

874. Lost standard comers will be restored to their original 
positions on ar base line, standard patrallel or correction line, by 
single proportionate measurement on the line connecting the nearest 
identified original standard comers on opposite sideB of the TniflHing 
comer or comers, as the case may be. The tenn '* original standard 
comers" will be understood to designate standard towneidp, section 
and quarter-section comers, meander comers terminating the 
survey of a standard parallel^ and closing comers in tho^ cases 
where' they were originally established during the survey of a 
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standard parallel as com«« from which to project surveys to the 
south. No other meander or closing comers along a standard par- 
allel will control the restoration of lost standard comers. 

S76. All lost exterior section and quarter-section comers will be 
restored by single proportionate measurement between the nearest 
identified comers on (q>porate sides of the missing comer, north and 
south on a meridional line, or east and west on a latitudinal line, 
after the township* comers have been identified or relocated. An 
exception to this rule will be noted in the case of any exterior the 
record of which shows Regularities in alinement between the ter- 
minal township comers. (See mc. 380.) 

876. All lost interior quarter-section comers will be restored by 
siogle proporti<mate measurement between the adjoining section 
comeiSy after the section comers have been identified or relocated. 

877. Lost meander comers, originally established on a line pro- 
jected across t^e maauderable body of water and marked upon the 
opposite side thereof will be relocated by single proportionate 
measurement, after the section or quarter-section comers upon the 
opposite sides of the misHing meander comer have been duly 
identified or relocated. 

(C) CLOSINa COBNEBS. 

878. In order to reestablish a lost closing comer on a standard 
parallel or other confepolling^ boundary, the line closed upon will be 
retraced, beginning at the comer. on the standard parallel or other 
controlling boundary from which the connecting measurement was 
originally made, itself properly identified or relocated; a temporary 
stake will be set at the original record connecting distance, and the 
total distance and falling will be noted at the next regular comer on 
the opposite side of the missing closing comer. The temporary stake 
will then be adjusted as in single proportionate measurement, i. e., 
the closing comer will be reestablished on the true line closed upon 
at the proper proportional interval between the nearest regular cor- 
ners to the right and left. An identified closing corner not actually 
located in the line closed upon will determine the direction of the 
cl^eoQg line, but not ita legal terminus; the latter is bound to fall at 
tl^e true point of intersection ol the two lines. The position of a 
r^etisreid closing comer should be verified by a retracement of the 
line whose terminus it was deeogned to mark. (See sec. 384.) 
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8ECONDAST IfSTHODS. 

879. The following methods involve special applicajtions of the 
general rules of proportionate measurement for adoption in unusual 
cases where the ordinary control can not be obtained. 

(d) BBOKSK BOUNDtUUBS. 

880. In order to restore one or more lost comers on a broken or 
irregular township exterior, or other controlling boundary, a retrace- 

Cto^ing error cf 
retracemenf -^ 




Fig. 68. 



ment will be initiated at the nearest identified origmal comer on the 
boundary, following out the record courses and distances, or the 
equivalent by calculation, setting a temporary stake for each miaoing 
comer or angle point, until the next identified original comer has 
been attained, where a final temporary stake will be set at the rec<«d 
distance of the last course of the retiacement. The closing error will 
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then be detieimuiieKi for courae and distance innn the List temporary 
rtake to the objective original comer, and each temporary ptake will 
thereafter be adjusted on the bearing of the clodng error, a propor- 
tional amount of the length of the closing error equal to ^e propor- 
tiooal part of the distance of the temporary stake from the initial 
point of the retracement, i. e., the particular distance to be measured 
at any temporary stake, en the bearing of the closing error, is to the 
whole leng<Ji of the dosing error as tiie distance of the particular 
temporary stake from the initial <Higinal comer is to the whole 
length ef the retracmiient. Angle points and intermediate comers 
will be treated alike. 

<«) OBiaiKAL CONTBOL. 

881. Where a line has been terminated with reference to a meas- 
urement in one direction only, a lost comer will be restored by refer- 
ence to the original record bearing and distance^ counting from the 
nearest r^ular comer, the latter having been duly identified or 
restored. Examples wiU be found where lines have been discon- 
tinued at the intersection with laige meanderable bodies of 
water, or at the border of what was classed as impassable ground. 

CO INDEX COBBECTiON FOB AYBBAGB EBBOB IN ALINBMENT AND MEASUBEMENT. 

882. In unusual cases where a retracement has been made of 
fiiany miles of the KoiffBtA lines, betwe^i identified original comers, 
and there has bean dev^oped a definite surplus or deficiency in 
measurement, or a definite variation in alinement, characterizing 
the original survey, it will be proper to make allowance f<x such 
average ''index error.'' Such adjustment will be taken care of 
automatically in all cases wh^re there exists a suitable basis for 
proportional measurement, but in any case where such control is 
lacking, an index error, if conclusive, will be made use of by 
applying the determined correction to the record courses and dis- 
tances. If there is not conclusive evidence of such index error the 
record courses and distances will be allowed to prevail. 

SPECIAL OASES. 

883. Examples of special cases could be set forth almost indefi- 
nitely, but without bringing out important new principles. In 
some respects the treatment of a large number of special examples 
would serve to confuse the subject by seeming to warrant certain 
procedure as a general rule which in &.ct would not be proper were 
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Uie conditions altered; the latter otcuxt in an isinite variety. 
Ample provision has been made for the tJnited States surveyor to 
call upon a supervising officer for advice in difficult cases, and whofe 
necessary the latter is in a position to direct the surveyor to proceed 
with additional retracements in iyrder to develop any data wfadk^ 
should be considered heiare a decision is rendered. In trials ci 
botmdary suits the court will generally consider many additional 
questions besides those concerned in the technical problem, and in 
such instances an academic study of hypothetical examples might 
serve to cloud the real issue. It would be beyond the purpose <ji 
the Manual to invade the realm of non-technical matter while 
attempting to lay down the general principles involved in the 
restoration of lost comen. 

884. In all unusual instances^ where on account of manifest 
distortion, or throu^ extensive oblit«»ti(m resulting in great 
distances between existing comers, off o^rwise, the evidence of a 
survey can not be identijSed wiith sufficient certainty to enable a 
suitable application of the various rules relating to the restoration 
of lost 'comers, tiie surveyor is again i84viaed to r^>ort the facts to 
the proper supervising officer. In the same connection, it is impor- 
tant that the surveyor should not be confused with the notion that 
he is required, or has any authcnity, to icfvert to the principles 
relating to the establidmient of original surveys as an alternative jUei 
such cases. The methods incident to resurveys, as outlined in the 
next chapter, are designed to rectify unusual conditions which are 
widely at variance with the representations of the original approved 
plat and field notes. 

(ff) laSCBLLANtOtJfl COMTKOL. 

385. It will be apparent to the experienced siirveyor that actual 
field conditions do not always furnish the basis for the application 
of the rules heretofore set forth, and while developing a consistent 
theory to apply in unusual cases the surveyor will at once note that 
the first consideration relates to a more or less arbitrary limitation of 
the control to be adopted . No defi^te rule can be laid down, except 
that there should be the closest possible adherence to the basic exam- 
ples already given in the text. The methods heretofore outlined 
readily harmonize surveying practice with legal decisions concerning 
the restoration of lost comers. A strictly consistent mathematical 
recovery of a lost comer, not based upon any known legal decision, 
may be obtained by allowing every known comer within a reason- 
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able radius to enter into the control, each original comer being given 
a weight inversely proportional to its distance from the missing 
comer, and though the principle will lead to the same result in 
come cases as by the methods previoiisly outlined, it will yield a 
slightly different result under other regular circumstances. For the 
latter reason a miscellaneous control based upon such mathematical 
principle will not be adopted except as specifically approved by 
the proper supervising officer after due consideration of the facts 
in regard to the applicability of the method in the absence of a 
suitable basis for a regular control. 

8S6* Having thus safeguarded the application of the following 
method, the problem in the field will be developed by a series of re- 
tracements each beginning at an accepted comer, thence following 
out the record courses and distances, each retracement terminating 
at a temporary stake in the vicinity of the objective lost comer. 
Ektch stake will be given a wei^t inversely proportional to the dis- 
tance from the accepted comer to which it is related. The several 
temporary stakes will then be combined; the first two to be resolved 
into a point on the line between them, dividing the whole distance 
into two parts that will make the interval from either stake inversely 
proportional to the weights previously assigned, and the latter point 
will be given their combined weights. The last point will then be 
correlated with the third temporary stake on a similar plan. Three 
or more original comers will thus exercise their influence upon the 
final resultant position for the comer which is to be restored. The 
result will be the same no matter what the order of connecting the 
temporary stakes may be, but the omissicm of any element of the 
control or the introduction of an additional original comer will alter 
the final position. The field of influence should accordingly be 
selected with a view to obtaining a resultant balanced position which 
can not be materially changed by the introduction of other known 
points of control. 



CHAPTER VI. 

RESURVEYS. 

JUniSDICTION. 

887* Certain important considerations are involved in the execu- 
tion <^ Government resurveys of an entirely different character 
from those relating strictly to the making of original surveys; these 
consideratLons present matters not referred to in Chapter V. There 
is a twofold object of a resurvey: First, the adequate protection of 
existing rights acquired under the original survey in the matter of 
their location on the earth's surface, and, second, the proper marking 
of the boundarieaof the remaining public lands. 

388# As already noted in Chapter I, the Congress has authorized, 
under certain concUtions, the re-marking of the public-land surveys. 
The acts relating to resurveys contemplate a restoration of the 
comers of the original surveys in those townships, (a) where the 
obliteration of the original monuments or other evidence of the 
position of the original lines has become so advanced that the land 
boundaries can be identified only through extensive retracements 
by experienced surveyors of the General Land Office, and (6) where 
field investigaticm shows that conditions on the ground disagree with 
the representations upon the original plat to such an extent that the 
land boundaries can not be identified positively in one position to 
the exclusion of another, in consequence of which said plat should 
be disqualified as a basis for the disposal of remaining public land. 
While the Government may initiate a resurvey in the absence of any 
application therefor, as a rule, the steps preliminary to the authori- 
zation of a resurvey will be taken by the settlers interested in the 
land, through a showing of facts made to the proper supervising 
officer, setting forth the existing conditions with respect to the 
original survey and status of ownership of the lands. ^ 

1 See current circular goveming applications for resurveys. 
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889. The surveyor is advised to bear in mind the fact that in 
localities where resurveys are necessary the occasion for boundary 
disputes is ever present; he should accordingly exercise the greatest 
core in his technical work in the field and in the record thereof, so 
that the result of the resurvey shall relieve existing difficulties as 
far as possible without introducing new complications. As in the 
case of original surveys, the records of all resurveys must form an 
enduring basis upon which depends the security of the title to all 
lands acquired thereunder, and the field notes shoidd be so prepared 
that under the test of the closest possible scrutiny at all times, 
present and future, the record can be regarded as conclusive in the 
matter of the lootrtioQ of sueh rights. 

89^. The G^eneral Land Office has exclusive jurisdictioii ov^r 
all matters p^taining to surveys and resurveys affecting the ]^ublio 
lands; as between private owners of lands the title to which has 
passed out of the United States, final determinati<m in the matter 
of fixing the position U disputed land boundaries rests with the loci^ 
court of c(»npetent jurisdiction. The rules of procedure laid down 
by the General Land Office to guide its surveyon in the re*markLng 
of linos of previous surveys are intended tp be in hamio&y with the 
leading oourt decisions in suits involving boundaiy dic^mtes, and 
said rales should be so iEq>plied that the courts may, with security, 
accept without question the boundaries thus determined in so fsLr 
as they represent the true locati<m of a particular tract intended 
to be conveyed by a patent. Government resurveys are under-^ 
taken only by duly appointed United States surveyors acting 
under the authority of the Secretary of ^e Interior throi^h the 
CommiBsioner of the General Land Office and under the immediate 
direction of subordinate supervising officers. 

UMIT OF AUTHORITY OF SUBVBYOR. 

891. There are cerfedn questions of a purely judicial nature 
involved in resurveys of every description where the decision is 
to be reserved to the General Land Office, particularly those relating 
to compliance with the general laws in req)ect to the entry of the 
public lands. Thus it comes within the realm of the surveying 
process to identify and mai^ out on the ground the various legal 
subdivisions of the public domain, but it is a judicial question 
beyond the function of the surveyor to determine whether or not 
epecified lands have been duly earned under a certain entry. In 
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the remirvey process the surveyor will detemnne whether or not 
lands embraced within a claim as occupied have been correctly 
related in position to the original survey, and where the demon- 
stration of this question may be one involving more or less imcer- 
tainty, a« is often the case, the surveyor will examine and weigh 
the evidence relating strictly to the surveying problem involved, 
and he will interpret the evidence in respect to its effect upon the 
manner in which the resurvey shall be executed looking to the 
protection of the valid rights acquired under the original survey. 
The surveyor has no auliiority to enter into any agreements looking 
to the exchange of one subdivision for another, or to bind the General 
Land Office in this particular. 

BONA FOOE BIGHTS OF CLAIMANTS. 

802. In order to carry out the provisions of the laws relating to 
resurveys, the surveyor should imderstand fully the meaning of 
the words **bona fide rights'' and under what circumstances it will 
be held that such rights have been impaired by a resurvey. In 
this connection attention is again directed to the clause contained 
in the act of March 3, 1909 (35 Stat., 845), as amended by joint 
resolution approved June 25, 1910 (36 Stat., SS4)f which reads as 
follows: 

' * That no such resurvey or retxacement shall be so executed aa to 
impair the bona fide rights or claims of any claimant, entryman, or 
owner of lands affected by such resurvey or retracement.** 

The lights of claimantB are to be given similar protection imder 
the provi»ons of th^ act of September 21, 1918 (40 Stat., 965). 

89!B. It will be understood that bona fide rights are those acquired 
in good faith under the law. Eights of this character can be affected 
by a resmrvey only in the matter of position or location on the 
earth's eur^e, and the surveycnr will be concerned only with the 
question as to whether lands covered by such rights have been 
actually looatbd in good faith. Other questions of good faith, such 
as priority of occupation, possession, continuous residence, value 
of improvements, and cultivation, when considered apart from the 
question of the position of ih» original survey, do not in any manner 
affect the problem of resiurvey. 

It is evident that the resurvey must afford adequate protection 
to bofta fida lights vested in both improved and unimj^oved lands. 
In the final determination of the true position of all lands, whether 
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improved gs unimproved, in the abwoce of oiigtDal comere, the 
necessity for more or less flexibility of method must be recognized, 
as the value of both of these classes of lands may be vitally i^ected 
by an arbitrary process of resurvey which is rigid in its aj^Ucation. 
Unimproved lands, however^ where no appajrent attempt has beea 
made on the part of the own^ to id^itify the same under their 
original descriptions (and where the inherent value of the lands in 
question is the same), are not neceagarily affected in the same manner, 
and such imimproved lands myay be adjusted to a position foxind 
by the surveyor to be conformable to adjoining or near-by tracts, 
where all may be held to qualify under the rule of acceptable locar 
tion. 

894. The question arises whether the technical rules for the 
restoration of lost comers are to be rigidly applied in all cases r^ard* 
less of their effect on the position of improvements, or whether the 
position of all improvements is to be accepted without question 
regardless of the relation ox irrelation of such improvements to th^ 
existing evidence of the original survey and to the description 
contained in the entry. Manifestly these opposite extremes are 
equally unacceptable. Somewhere between them, therefore, will 
be found the basis for a determination of the question as to when 
lands so improved are to be regarded as having been located in 
good' faith or otherwise. It is clear that no definite specific set of 
rules can be laid down in advance for the determination of this 
question. This is a problem the solution of which must be found 
on the ground by the surveyor; it is upon his judgment primarily 
that the responsibility for a determination of the questicm of good 
faith as to location must rest. The surveycff may err in his judg^ 
ment, but once this question is settled to his own satisfaction, the 
procedure to be adopted in the matter of the application of resurvey 
rules is no longer in doubt. 

895. It may be held generally that an entryman has located his 
lands in good faith (referred to herein as an acceptable location of 
a claim or of a local point), when it is evident that his interpretation 
of the record of the original survey as related to the nearest existing 
comers at the time the lands were located (as defined by his fencing, 
culture, or other improvements) is indicative of such a degree of 
care and diligence upon his part, or that of his surveyor, in the ascer- 
tainment of his boundaries, as might be ^pected in tiie exercise of 
ordinary itftell^ence under existing feoladitioiffl. Fiom l^is it 
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fdlows that lack oi good Mth is not AeceManly chaigeable against 
«n entryman if he has not located himself acc<»ding to a rigid aiq;>li- 
cati(»i of the rules laid down lor the restoration of lostasneis, where 
complicated conditions involve a double set of oomesB^ Ix^ of 
which may be regarded as authentic; or where the nearest existing 
comers in one or more directions are an excessive distance away; 
at aie improperly related to each other to an extraordinary degree; 
or wh^re all evidences of the original survey which had been adopted 
by the entryman as a basis for his locaticm have been lost before the 
resurvey is imdertaken. Furthermore, the extent Qf recognition 
giveu by neighboring claimants to a local point used for the control 
of the location of claims very often cames with it the necessity for 
a consideration by the surveyor of its influence in the matter of 
the acceptability of such locations under the Uxegoixig rule of good 
Mth. 

896. In cases involving extensive obliteration at the date of 
entry, the enteym&a or his successors in interest may be chaiged with 
the knowledge that the boundaries of the claim will probably be 
subject to more or less adjustment in the event of a resurvey, and 
that in the process of fixing the boundaries of groups of claims a 
general control applied to all must be ^vored as &ur as possible in 
the interest of equal fairness to all and of simplicity of resurvey. 
Even in the presence of extensive obliteration of the origioal survey, 
a claim which manifestly shows that no attempt has been made to 
relate the same in some manner to the original survey can not gener- 
ally be regarded as having been located in good faith. 

897. Cases will arise where it may be evident that lands have 
been oocupmn iu good Mth, but whose boundaries as occupied are 
clearly in disagreement with the demonstrated position of the legal 
subdivisions called for in the description. Obviously the rule of 
good faith as to location can not apply, and relief must be sought 
through the process of amended entry (act of Feb. 24, 1909, 35 Stat., 
645) to cover the legal subdivisions actually earned, rather than 
through an alteration of the position of established lines. This is a 
process ol adjudication rather than one of resurvey. A case of this 
character should be regarded as an ''erroneous location," in pre^ 
dsely. the same manner as would obtain if the question of resurvey 
were not involved. 

898* Th^ recognition of the principle that the restoration of a cor- 
aer may bQ influenced by the position of one or ;aiore exiHtIng clainis 
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Wttmuits, wil3^ suitable limits, I3i« a^o^tiiiice of an tmc^lcial detei% 
mination, in the manner her^^fim^ter staged, it^^kh wovM not iiecea*- 
BtaUj agree with that resnlting from a rigid api^catkm of arbitraarf 
rules laid down for the restoration of lost comers. 

GENERAL FIELD METHODS. 

M9. There are tworecogfcdeed methecteof making Oovemttent 
resurveys-^£M»^BKT and nroBPSKnsicT-'-a&d in gemend, any- 
field condition that niiay arise can be taken care of by the applica^ 
tion d one or the ot^r method. 

400. TheDi»^Ni>BKT resurreyis des^^ned to accomplish a restora- 
tion of what purports to be the original conditkais according to the 
record, based, first, upon identified existing comers of ^e mginal 
«urvey a^ oth» recognized imd acceptable points <^ conlTol, aad> 
second, upon the restoration of missing comers by proportionate meas- 
ur^n^it in harmony with the record of the original survey. Itis 
tjrpe of resurvey is applicable to those cases i^owing fairly concordfemt 
relation between conditions on the ground and the record of ttie origi- 
nal survey. Titles, areas and descriptions should r^nain abso^ 
lutely unchanged in the typical dependent resin-vey. 

401. The iKBBFBNDENT rcsurvey provides metiiods adi^ted to con- 
siderable areas of public land where ihe original survey can not be 
identified with any d^reeof certainty in accordance with the repre- 
sentations of the approved plat and field notes, and where the pt^ 
vailing conditions are such that strictly restorative pK^ceaam, wiien 
applied as an infiexible rule between existing monum^its or adopted 
comer positions, are ^th^ inadequate or lead to unsatii^actory re- 
sults. This type of resurvey provides for the segregation ei indi- 
vidual tracts when necessuy, or a conformation of individual tracts 
to the subdivisions of the resurvey if suitable. These processes are 
found to be more flexible in their application than those of the 
strictly dependent type, but at the same time they duly protect all 
private rights which have been acquired upon the basis of the origi- 
nal approved survey and plat. With respect to the identification and 
description of the public lands involved, the independ^it type of re- 
survey supersedes the record of the original survey. ThiA will be 
made apparent by the representations of the approved resurvey plat. 

402. The basic principle, with respect to the protedion <d b<aia 
fide rights, involved in one type of resurvey is id^itical with iSck&t 
of the other type, whether dependent or ind^>end««rt; t&ey are boA 
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to be Tegarded aa^ demoostratibii, on the part of the General Land 
Office, in tlie'li^ of the heat evidence avmlabley by mcaau of the 
1^^ Bubdiviaionfl el a dependent resurvey or by the tract Begrega- 
tioBfl of an independent resurvey^ of ^e original position of watered 
or patented legal flubdiviaioDS or lots included in the original de- 
scription when related to tlie origvrial survey. 

408. The necessity lor both types of resurvey is encountered in 
the field; the applicability ot one at the other method is altogether 
a question depending upon local cooaditioaA, such as extent of oblit- 
esration, relative harmony of identified and recognized points, and 
o:xtent ol disposals by the Government. These questions should not 
be judged in advance of a comprehensiTe field examination. 

404. In general, a preliminary "Gietd examinatjon will be^required 
and autlimzed before the lei^arvey is to be undertaken. 

The purpose of av investigation is to develop tiie extent- of the 
obMteiatiffii of the 'evidence ol the original survey, the extent of 
settlement, the i^iricultaral possibilitieB of the township, and any 
otiier information from which the necessity for, and ike propriety 
of, the proposed resurver^ may be determined. 

A second purpose to be subserved by an investigation is the 
assembling of sufficient data concerning tiie local survey conditions 
to permit a proper type sdection; and with thk end in view the 
examining surveyor should investigate and report upon the relative 
position of the evidence of'the ofig^al survey; the degree to which 
identified points are concordant or the reverse; the extent to which 
cosnetB discordantly r^ted lave been made the basis of chum 
locations; the presence of one on more systems of unofficial k>cal 
surveys whidi have been recognized and adopted by the claimants 
in fixing their botmdariee; and the degree to which conflicts are to 
be anticipated. 

M6« The pn^r supervising officer will provide the examining 
surveyorSnth suitable instructions in which the scope of the acam- 
loation will be indicated and attention will be directed to the par- 
ticular considerations which should receive attention. During the 
progress of the investigation interested parties should be informed) 
upon inquiry, that the work then in progress is merely preliminary 
and only for the purpose of gaining information, and that if resurvey 
is ultimately authorized all valid rights will then be protected as 
required by law. 

55465"— 19 19 
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406. The examiner's report ^ould ccmtain definite recommenda^ 
tions concerning the type of resurvey which, in his judgment, ^otdd 
properly be applied in view of the prevailing conditiaiis. 

When the report and recommendaticms of the examiner, *with 
thoee of the enipervising officer, have been received by the G^ieral 
Land Office, the situation will be considered, the appropriate type 
of resurvey will hie determined, and the preparationof special instruc- 
tions for the resurvey will be authorized. 

407. The special instructions, which must of necessity be based 
largely upon the data provided by the examination, will indicate 
the scope of the work, and, regardless of whether the lands are to be 
dependently or independently resunreyed, the necessary retrace- 
ments will be made to fix the outboundaries of tiie township or 
townships designated lor resurvey* With the limiting boundaries 
oDce restcned so as to protect under the^rules already laid down all 
existing property rights in ihe adjoining lands not to be resurveyed, 
the plan of procedure outlined in the instructions should, under 
the kpown conditions, produce satisfactory results, and adherence 
thereto is expected. If, however, unforeseen conditicxos are devel- 
oped in the progress of the resurvey, which may apparently render 
the special instructions inapplicable or likely to produce inccm- 
sistent or unsatisfactory results, it is c^ the utmost impcMrtance that 
the surveyor suspend further monumentation of the comers; and 
after such additional retracement and iuvestigation as may be neces- 
sary to a proper understanding of the situation, he should r^>ort the 
facts to the proper^supervising officer and request further instructions. 

408. During the progress of the resurvey the surveyor should 
advise all interested parties, as occasion and opportunity may offer, 
that the resurvey is not to be regarded as official or binding upon the 
United States until duly accepted by the Commissioner of the Gen- 
eral Land Office, as provided by law, and that no contemplated 
alteration in the position cd improvem^its or claim bo\indaries 
should be made in advance of the official acceptance of the resurvey. 

THE DEPENDENT RESURVEY. 

GENERAL CONTROL. 

409. A dependent resurvey is an official re-marking of the original 
lines upon a plan whereby existing evidence of the original survey 
is given primary control over the position of the lines to be reestab- 
lished. A certain amount of flexibility (as hereinafter described) 
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is allowable in the dependent resnrvey when necessary for the 
protection of bona fide rights of claimants, partlciilarly in those 
cases where no objection is found to adopting a point acceptably 
located nnder the rule of good faith already laid down, when only 
di^tly at vaiianoe with the theoretical position of the same. 

410* In theory the process coDmsta, first, in the retracement and 
reestabliflhm^it of the township exteriors; second, the identifica^ 
tion of all existing interior comere or other evidence of the original 
survey; and, third, the determination, by a suitable field procedure, 
of the theoretical position of all miiflfling comers as indicated by a 
proper interpretation of the record of the original survey in relation 
to such existing evidence, mie actual field process may be varied 
to some extent in order to meet local coiiditions or to suit the con- 
venience of the surveyor, but the theoretical position finally deter- 
mined must be identical with that which would result from a strict 
applicatum of the principles of proportional measurement. When 
this has been accomplished, attention should be given to the adop- 
tion, as an integral part of the resurvey system, of comer positions 
determined by the evidaices, of whatever character, of acceptable 
claim location. Such evid^ices may, for convenience, be termed 
* 'collateral evidence'^ as distinguished from direct evidence of the 
original survey. 

411* The process of the dependent resurvey differs in scope from 
that applied for the usual restoration of one or more lost comers, 
and the rules govaDing a resurvey bring into consideration in a 
more comprehensive mamier the position of recognized land botmd- 
aries, in the absence of evidence of the original comers. The sur- 
veyor has noted tiie detailed instmctions set forth in Chapter V 
looking to the identification of existing evidence of the original 
survey and the application of the rules of proportionate measurement 
for the determination of the theoretical position of lost comers. 
These rules will be applied in the dependent resurvey generally 
with respect to the township as a unit, wherein the means of identi- 
fication of each and every existent comer will be exhausted and the 
theoretical position determined for each lost comer. The former 
are to be considered as fixed points (except in most unusual 
cases) and may be monumented at any time; the latter will be 
subjected to the possible influence of points which may afterwards 
be determined to be acceptably located under the same rule of good 
faith, and will be marked only as temporary points until this ques- 
tion has been disposed of. 
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412. A complete retracement of the originml survey will ba made, 
based upon known comers, it being assumed that the exterior 
boundaries of the township to be resurveyed have been identified 
or restored under the rules already laid down, in Chapter Y, aad 
under those relating to the acceptability of a local point or dalm 
location. It is not usually possible to fc^ow the method and'order 
of procedure shown in the record of the original survey (owing to 
missing comers), but the complete ^rstem ot lines will be run out by 
^eliminary retracement, usually beginning with the meridional 
lines between known comers, followed by the latitudinal lines 
between known comers, noting the intersectionB with the said 
meridional lines. The surveyor must be supplied with a complete 
copy of the record of the Original survey, and temporary r^erenee 
stakes may be set on the meridional lines at the record measuronetit 
for each comer point. 

41^. The preliminary retracements will lead at once to the 
identification of the prominent evidence of the original survey and 
a trial calculation will follow as to the latitudi|ial and longitudinal 
adjustments at each missing comer, to suit the proportionfi which 
may be derived when based upon these known comers. A second 
and more exhaustive search will tiien follow within the zone of the 
probable location of each missing comer for the more dbacure evi- 
dence of the original survey. At this stage of his field work the 
surveyor should exhaust every possible means of identifying the 
existent comers of the original survey. In many respects, the 
surveyor will be compelled to devise his own methods as the actual 
field conditions seem to warrant, and his skiU and judgment as a 
surveyor should function to the fullest capacity. 

If additional evidences of the original survey are found by this 
process, a second trial calculation will then be made as to the lati. 
tuduial and lon^tudinal adjustments of the temporary reference 
stakes previously set at each inisaing comer, to suit the prc^rtional 
measurements derived from all of ^le known original comers-^ 
exactly as ou*lined in Chapter V. These calculated adjustments 
will determine the theoretical location of each lost corner with 
reference to all existing evidence of the original survey. 

In the absence of other considerations, the theoretical points thus 
determined by proportionate measurement, based upon existing 
original comers, are fixed to a mathematical certainty, and when 
these points have been determined,, the evidence of the original 
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survey and the record thereof have served their primary purpose. 
HfeeUy and not until that time, is the surveyor prepared to conmder 
tke "weightof sudi collateral evidence as may be avaihtble. 

414* The question now to be determined is whether the position 

of thm lands daimed, occupied or improved is to be adopted under 

the rule ci good faith as to location, and whether, if so adopted, the 

claimB thus acceptably located can aU be prop^ly protected by the 

dependent plan of resurvey. If the position of any claim'fsdls to 

qualify under the said rule of good fai^ it may be dia*egarded as to 

the e^ect produced thereon by the plan of dependent resurvey. On 

the other hand, if these claims are held to be acceptably located 

under the same rule, they may b^ adopted as the determining factor 

in the position o| the missing comer or comers; and if the claims 

aire in such concordant relation to each other and to the identified 

evid^&ce&of the original curvey as to receive full protection by the 

dependent plan ci resurvey, the surveyor may proceed with ful 

assurance of the adequacy of the plan. Otherwise, the question o£ 

other. xmx»68ee analogous to those of an independent resurvey (as 

herdnalter explained) must be considered. 

If two or more claims are acceptably located, but are discordantiv 
related to each other to a considerable degree (by virtue of irregu- 
larities in the original survey), it will be clear that the general plan 
of dependen;t resurvey may not afford protection to such clajjus; 
whereupon the influence thereof must be rejected in favor of the 
theoretical point previously determined by proportional measure- 
ment. In this case, sb before stated, some other process must be 
adopted to protect the acceptably located claims, 

415. These accefytably located points for the missing comers will 
receive all the authority and significance of an identified original 
comer, and when the influence thereof on the dependent plan of 
resurvey has been combined with that of the existing original ccmiers 
previously identifled, the latitudinal and longitudinal adjustments 
ol the temporary points oik the meridional lines may be made 
accordingly. 

416. In cases of distortion, if the distorted lines are to be adopted 
in the plan of dependent resurvey, it should be remembered that the 
lengths of lines, when subject to double proportion, are comparable 
only when reduced to cardinal equivalents or to equivalents along 
the direct ttnes between the nearest exi£fting comers. 
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417. Many situations will arise where it will be manifect to 
surveyor that it is better to accept a poslticm based upon local 
improvements rather than to disturb satisfactory existing condi* 
tions. The 8urvey<» will endeavor to avoid disturbing the poai* 
tion of locally recognized lines when such action may adv^sely 
affect improvements, and at the same time extreme caution will 
be exercised in the matter of adopting local points of control, whidi 
when accepted must be given, as above stated, a significance similar 
to that of an original c<»mer and be allowed to function on an equaJity 
therewith. The acceptance of duly qualified and locally recognized 
points oi control should aid materially in obtaining simplicity of 
resurvey and avoid the need for special metes-and-bounds surveys 
(as hereinafter described), which would differ only dightly in posi- 
tion from the regular lines of the resurvey. In this nuumer a fiezi- 
bihty will be introduced in the application of a dependent resurvey^ 
at least to the point of protecting satisfactory local adjustments. 

418. The surveyor should fully understand that the field of 
influence to be exercised by any acce{)table location must be re- 
stricted to that already covered in a larger way by the existing 
evidences of the original survey, and that the adjustive ptocesB 
is of more or less local application. In this connection, it should 
be noted that the record of the original survey can not be abandoned 
in favor of an indiscrmiinate adoption of property comers, all or a 
portion of which fail to qualify as afof estated, nor is it to be assumed 
that because a large niunber or all of the claims within a township 
are consistently related among themselves to an arbitrary system 
of control which is itself altogether unrelated to the original mirveyf 
that such system ifi necessarily to be adopted as the basis of a depend- 
ent resurvey. 

419. Thus where bona fide rights, as defined hereinbefore, are 
found to have been definitely established with. reference to the 
location of lands the position of which can not otherwise be fuUy 
demonstrated by existing evidence of the original mirvey^ the 
surveyor engaged in the resurvey will reject the theoretical point 
determined by the primary c(mtrol in favor of a near-by duly qviUfied 
corresponding point, the position of which has be^i sgieed iqxui 
by the adjoiniog property owners. Such a point may be recognized 
as the best. available evidence of the true position for a comer; as 
previously stated its acceptance by the surveyor confers upon the 
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point a ognificance Btmilar to that of aa originAl isomer position, 
and thus aroidB disturbing satis^tory local adjustments. Qdef 
among this class of evidenco forming the basis of the recognized 
poeiti(»i of land boundaries are recorded monuments established 
by local sorveyors, diily agreed upon by the interested pr<4)erty 
owners; the position of boundary fences determined in the same 
maimer; and the center lines of public roads and drainage or irriga- 
tion ditches, when int^ided to be located on the subdivisional 
lines of the piublic-land surveys. The local record in these cases, 
when available, may furnish the connecting link to the previously 
identified evidence of the <mginal survey, but even in the absence' 
of a conduiiiiFe record, if a point qualifies as above outlined, the 
I^esumption is stroog that its position bears satisfactory relation 
to the original smrvey and that its correctness can not be success- 
fully disputed. Points which actually qualify as aforestated may 
be accepted as the best available evidence of the true position of 
the (original survey. 

420u The technieal record of the resurvey should clearly set 
forth the reasons for the acc^tance of a local point, where unofficial 
determinations of the above -character do not represent actual marks 
of the originAl survey. Such recognized and acceptable local marks 
will be preserved, and described in the record of the resurvey. New 
monuments will be established as required, in addition to, but with- 
out destroying the evidence of, the local marks. 

• 

REEATABLISEUiENT OF TRUE LINES. 

421. As already stated, with the c<»ubined control of the depend- 
ent resurvey fully det^nuned, the final calculation will be made 
as to the latitudinal and Jongitudinal adjustments of the temporary 
reference stetkes previously set at the remaining missing comers. 
The final calculation^ Mil be based upon' the known position of the 
comers ^ the genctral control as tiius adopted, upon the plan of 
proportionate measumment, all as provided in Giapter V. The 
result of this process balances in regular proportion the differences 
b^twe^ the measuremepts shown in the record of the original sur- 
vey and those dmved in the retiucement. Thus the true lines of 
the dependent resurvey are finally determined through the influ- 
ence ex^cised by the identified existent comers of the original 
survey and every other identified call of the record thereof, and 
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such other colIat^*al evidence of the podtion of redDgnized luKi 
foouDdaries as may be properly adopted for sach influence. 

422, The field procedure incident to the running and measure- 
ment of the true lines of the dependent resurvey ifill conform to 
the requirements of CSiapter II, while the maiidng oi lines between 
comers and the notation of objects to be recorded will ccmfona to 
the provisions of Chapter III, and the monumentation of the survey 
win comply with Chapter IV. The technical record of the reBur- 
vey will be broadened to show the relationship between the «rigiT>^ 
survey and its reestablished lines. 

423, The field note description of an identified at accepted comer 
will be introduced into the technical record of tiie rwurvey at the 
place in the true line notes where the position lor the comer is indi- 
cated as having been attained, llie recotd wHi embrace: 

(a) A complete deocription of the remaining evidence o£ ibie origi- 
nal montunent; 
(6) A complete description of the new monument; 

(c) A complete description of tile crigiaal accssBoriss as identified; 

(d) A complete description of the new aecessoridB; 

(e) A concise statement relating to the recovery of a comer baaed 
upon identified line trees, blazed lines, items of topography, at 
dther calls c^ the field 'notes of the paginal surrey, in the absence 
of evidence of the monument or its ac cood c ci ss; «nd, 

(/) A statement of fact relating to the reiecataon of an obHtentted 
monument; or a statement of the determining features leading to 
the acceptance of a recognized local comer. 

424. Geiwral titles (in addition to tiie regular page heading) will 
be inserted in the field notes of dependent resurveys to indicate the 
character of the resurvey, the technical recoard of which foUows. 
Such titles will be inserted in the. body of the field notes, as appro* 
priate, and will show the name of the original si|irvey(»r and the year 
in which the tffiginal survey was execittod^ afi| to example: 

'^ReestabliMmient of the surveys executsd by John B. Sodtii, 

U. S. Surveyx>r, in 18^,** 

and additional memoranda trill be added a6 appropriate, explana- 
tory of the method of control adopted in the restoration of one o* 
more lost comers. 

425. In addition to the usual showing of data upon the towni^p 
plat, the plat of a dependent resurvey should eatry a memoraitkkDn 
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tar the information of tke public to the effect (modified as special 
drcumstances may warrant) that — 

^'Tliis plat of the reeurvey of T. , R. -, delineates a retrace- 

m^it and reestablishment or the lines of the original survey aa shown 

upon the plat appsoved (date), ii^ their true onginal position 

according to the oest available evidence of the position of tne orig- 
inal comers; all differences between the measurements shown on 
the original plat and those derived in the retracement have been 
distributed {»x)p0rtionallY between accepted comers in accordance 
witJi survejnng rules; reference will be nude to the original plat 
for the showing of the areas and more detailed descriptions of the 
various smaller subdivisions." 

APDIXIONJkL MBTHODB VQB THB PSOmiOTION OF BONA FIDB BISHTS. 

426. Referring to those cases where locally recognized comers 
are discordantly related to the origLoal survey, it will be apparent 
that such comers can be employed only for the determination of 
the boimdaries of claims where bona fide rights have been duly 
established which Would otherwise be impaired by the resurvey 
under the same rule of good faith in the matter of location. Cases 
of this kind are found to be decidedly exceptional in the townships 
where dependent resurveys have been made, and such situations will 
be given particular attention in the preliminary examination and 
special instmctions. In those instances when encountered, provi- 
sion will be made in the special instructions for a "metes-and- 
bounds" survey, as hereinaiter outlined under the general subject 
of ** independent** resurveys, unless an amendment of entry in con- 
formity with the lines of the resurvey will answer the particular 
requirements of "Qxe situation. In either case the surveyor will 
note the Msmual text relating to metes-and-bounds surveys and 
amendment of entries (see sees. 434 to 452, inclusive). 

XZAMFLB. 

427. A hypothetical exMB^^le of a d^endent resurvey follows in 
the teatt, wherein a showing of typical conditions will be presented. 
In this connection it will be observed that the application of the 
rules for the execution of a dependent resurvey is generally made 
with respect to the township as a imit. In this hypothetical case 
it is presumed that a sufficient number of original comers can be 
identified to enable the restoration of the township exteriors resulting 
in a satisla^tory closure. Upon retracement of the interior lines, 
Bome evidence of the original survey is developed^ also certain 
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recognized and acceptable comera. All claims are found to be 
conformable. 

The surveyor will proceed with the complete retraoement of the 
interior eection lines. In this process he wiLl employ instrumentiJ 
methods said make the measurements as provided in Chapter II. 
He will be guided by the suggestions given in Chapter V in regard 
to the search for evidence of the original survey, and beyond that 
he will devise his own methods in the search as the actual field 
conditions seem to waatant. Temporary reference stakes will be 
set where the original comers are not at once identified (though 
the use of local reference points will be unobjectionable). It will 
be assumed that a single system of refexence stakes has been employ- 
ed, as this scheme lends itself more readily to theoretical discussion, 
as well as practical utility in the field, and allows the utmost freedom 
as to the order in which the retracements are made. 

Having completed the reestablishment of the township exteriors 
and the retracem^it of the interior lines, the surveyor idll be con- 
cerned with the two primary considerations, heretofore discussed, 
which it is his duty to harmonize: First, the restoration of what the 
record purports to be original conditions; and, second, the protection 
of the bona fide rights of claimants in the matter of location. The 
first requirment must be fulfilled with Reference to the evidence 
of the original survey, and the discovery and identification of actual 
original comers is paramount, bearing in mind that the development 
of a single additional original comer adds manifest conclusiveness 
to the work. These identified points when combined with those 
acceptably located constitute the general coptroL The second 
item, which does not directly affect the t^hnical procedure, has 
been fully discussed htf einbefore. 

KEY TO niAOBAM, FIO. 69. 

A. Identified original comer. 

B. Intersection of center lines of pul)ilo oroasroodB, lukended to belQosted at seadon 
oofnar asd generally so rtwogaitwl; acospted as Xteat avyilabla^Tldaioe of oocner. 

C imd D. Identified oiigizial comers. 

E. Ck>mer established by local surveyor; record shows proper application of the 
method of double proi>ortionate measurement; generally lecogniMd as coneet posi- 
tion of oomer; accepted on an equality "wltli an idmtffled original eocner. 

F-M, incdnaive. Idieiitlfled original coroeis. 

N. Same as B. 

O. Identified original comer. 

P. Interseoti(m of mean position of meridional and latitttdlnal biased Unes tiireagh 
▼ir^ timber; age ooqnt en overgrowth qiialilles lor date of original sam^* 

Q. Restored oomer based upon control furnished by latitudinal position of biased 
lino as above and fixed in departure by dlBtanoe to original line tree. 

B. Identified oriidnaloomar. 



KESURVUTS, 



291 



8. SameasE. 

T. Position determined by location of improvements; point agrees approximately 
wtth the theoBQlicsl position and it ia recognised by adjoining daimants; improve- 
jxysats would be adversely aflegted by cbange of point. 

U. SameasE. 

V and W, Same as T. 
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Fig. 69. 



X. Identified original comer. 

a. Daly restored by double porportionate measurement and thereafter employed 
for general control on an equality with an identified original comer. 

iMi, inolusivB. Theoretical true Une po8itl0n» duly restored by single proportionate 
XDeasnrement* 
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METHOD. 

After completing all retracements aad having deteimined upon the 
general control to be adopted, as indicated in the diagram and accom- 
panying key, the true lines of the dependent resurvey, beginning .at 
the southeast comer of the township, will be reestablished as follows: 

SINGLE PROPORTIONATB MBASURBMBNT. 

Lines: A-B, B-a, A-C, C-D, D-E, E-F, F-G, G-H, H-I, Sr-J, 
J*K, K-L, L-M, and M-I. 

DOUBLB PROPORTIONATE MEASUREMENT. 

Section comers: 1, f-N and b-F; 2, f-N and o-S; 3, OP and d-X; 
4,(>-Qandb-F; 5, C-Qandc-^;6,0-^ andN--IT;7,0-Qandd-X; 8, 
g-S and b-F; 9, U-n and d-X; 10, U-n and Q-0; 11, D-L and b~F; 
12, D-L and V-i; 13, D-L and W-j; 14, D-L and d-X; 15, D-L and 
Q-G; 16, h-X and b-F; 17, h-X and V-i; 18, h-X and W-j; 19, 
X-M and Q-G. 

INTERIOR QUARTER-SECTION CORNERS. 

All miBdng interior quart»-6ecti<Hi comers by dingle |m^porti(mate 
measurement on line between the adjoining section comers as above 
determmed. 

FIELD DATA. 

The retracements develop the following data in r^ard to the 
relative position of certain points of control and the temporary stakes: 

Beginning at f. North, 40.00 chains, set temporary stake; 80.00 
chains, set temporary stake; 120.00 chains^ set temporary stake; 
160.00 chains, set temporary stake; 200.00 chains, set temporary 
stake; 241.20 chains, fall 90 links W. of N.; meridional excess f-N= 
1.20 chains=*=40 links per 80.00 chains. 

Beginning at b. West, 40.00 chains, set temporary stake; 80.46 
dxainsv falL20 links N. of temporary stake previously set; jrecord of 
original survey shows length of line 80.22 chains; continue west, 
etc., to F; latitudinal deficiency b-F=84 links=14 links per 80.00 
chains. 

Beginning at 2 (temporary stake). East, 40.00 chains, set tempo- 
rary stake; 80.82 chains, fall 44 Hiika S. of c; record of original sur- 
vey shows length of line 79.90 chains; run west frcMoa temporary stake 
at 2 on similar plan; latitudinal excess c-^S«66 link6"«22 links per 
80.00 chains. 

GAliOtTLAnONB. 

The adjustments of the temporary stakes to true line position, 
and the determination of the bearings and lengths of the reestab- 
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THE INDEPENDENT RESUBVET. 

428. An independent reeurvey is an official re-subdivision of the 
public lands distinct from the original survey which it is designed 
to supersede. The independent resurvey is accomplished by three 
distinct steps: 

(a) The reestablishment of the outboundariee of the lands subject 
to resurvey, following the method of a dependent resurvey; 
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(6) The segregation of lands embraced in any valid claim where 
the initial steps have been taken looking to the difiposal of the title 
of the United States based upon the former approved plat; and, 

(c) New exterior, subdivisional and meander lines aa necessary, 
established upon a new regular plan, which, for every purpose of 
identificatioti and description of the public lands involved, becomes 
the prevailing survey. 

REESTABLISHMENT OP OUTBOUNDABIES. 

429. The limiting boundaries of the lands subject to independent 
resurvey must agree with the previously established and identified 
exterior or subdivisional lines of the approved original surveys. In 
<^der to qualify as a sxiitable limiting boundary as aforementioned, 
a line of the accepted established surveys will be selected which 
can be conclusively identified (by existing original or propeiiy re- 
stored comers) in one position to the exclusion of all others and 
which by its known position adequately protects all rights (located 
in good faith as hereinbefore defiaod) based upon any town^p plat 
showing subdivisions of ih» public lands adjacent to said boimdary. 
Such outboundaries of the lands to be resurveyed by the independent 
process must necessarily be retraced and reestablished in their true 
original position. The lands upon one side of such outboundary are 
to be re-subdivided upon a new plan, while upon the opposite side of 
such line the original subdivisions are to be strictly maintained and 
none of the original conditions are to be disturbed. 

480. The outboundaries are generally selected along the locus of 
the previously established township exteriors where the existing 
evidence gives positive proof of the location of the original survey, 
and where conditions on the ground are harmoniously related to the 
record of said original survey. In special cases certain section lines 
may fully qualify as suitable lines to mark the limit of the inde- 
pendent resurvey; such section lines will then be duly retraced and 
reestablished in their true original position. Particular attention 
will be given to this very important subject at the time when the 
field examination is made with a view to maint,aining the original 
survey as far as consist^it. 

481. In those cases where a proper limiting boundary can not be 
secured without involving the necessity for the inclusion in the 
group of a greater number of townships than administratively prac- 
ticable to execute in one assignment, the necessity may arise for the 
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extension of tract segregations (as hereinafter omtlined) into k town- 
ship ungrouped lor resurvey. In such casee, under specific 
authority of the General Land Office, any tract found to extend 
across such group outboundary will be segregated iu full, whether 
or not the tract was originally described as in the township to be 
resurveyed, and the sieceBsary steps will thereupon be takea by the 
General Land Office in the matter of suspension of the lands in the 
adjoining township from further disposal and of additional investi- 
gations with a view to a resurvey of all or a portion of the said 
adjoining township. (See second rule, sec. 445. ) 

482. The special instructions will show specifically what linee 
have beeA selected to limit tibe independent resurvey, and the sur- 
veyor engaged in the execution of such resurvey will proceed with 
the retracement and reestabliahment of said outboundaries as a con- 
dition precedent to beginning the independent resurvey. 

488* Where the new lines of the independent,resurvey are not to 
be initiated or closed upon the restored original comers of the rees- 
tablished outboundaries of the indispendent resurvey ». said restored 
comers will be marked only with reference to the township, range 
and section to which they will thenceforth relate, and new regular 
comers <^ minlmnm control will be established as necessary to govern 
the lines of the independent resurvey, all as provided in sec. 164, 
Chapter III. During the pr^iminary stages of the reeurvey there 
will often be more or less doubt as to whether an old comer will retain 
its former control or will have to be altered, and until this uncer- 
tainty has bean removed tiie marking of a comer and its accessories 
should be deferred. The manumentation will foUow the fimU deter- 
mination of the future significance of each point. Where an c4d 
point is to be perpetuated merely to coiitrQl the lormer alinement, 
but not the comer of a subdivinan, its future significance will be that 
of an '^ angle point " only and the monument and its accessories will 
be marked acoording^y. 

METBS-AND-BOUNDS SURVEY OP PRIVATE CLAIMS. 

484. After the reestablishment of the outboundaries of the lands 
subject to independent resurvey has been accomplished in accord- 
ance with the requirements of the special instructions, the surveyor's 
attention will be directed to the segregation or marking out of all duly 
entered, selected, reserved (in certain cases), granted, or patented 
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landls whoM deecnption may be based upon the fonner approved plat; 
and which, can not be confc»rmed to the lines of the resuryey. 

485. A status diagram will be furnished to the surveyor showing 
all patented. landa, valid entries^ school sections, and other land 
grants, and all other disposals, resa*vations, or selections of lands 
whose position and description are based upon the oiigbial survey 
and plat, and whose boundaries can not l^fally be disturbed. - In 
every case the various tracts shown upon the status diagram will 
be protected either by individual ^^mete&«nd*bounds'' surv^ey or 
by the assignment of appropriate subdivisions of the resurvey in 
case the latter lines (new section lines, or center lines of sections 
or quarter sections) are found to coincide or approxunatdy agree 
with the boundaries of said tracts. 

4:B^ It is not to be understood that the metee-and-bounds siu^ey 
of private claims must be coB^>leted before b^finning the projection 
of the new lines of the independent resurvey. It has merely been 
deemed logical to consider the subject of the tract segregations in 
advance of the question of the establishment of new lines. The fact 
is that surveyors wi)l find it expedient to carry both branches of the 
survey along together in the locality of the camp or other field head* 
quarters. 

4S7. The jurisdiction of the General Land Office, the limit of the 
' authority of the surveyor, and the bona fide rights of claimants, 
' where entered or patented lands are involved, remain abscdutely the 
same whether the resurvey is to be made upon the dependent or 
independent plan. Thus where the independent type of resurvey 
has been adopted as more feasible, identified comers of the original 
Survey in the inmiediate vicinity of lands to be segregated will be 
employed for the control of the location of such lands. The question 
of the good faith of the entryman will in every case be fully con- 
sidered, as previously outlined in this chapter, and where the evi- 
dence of the original survey is so obliterated that a charge of a lack 
of good ffeith can not be brought against an entryman whose claim 
boimdaries may differ from a theoretical location determined by 
more rigid survejing rules, the position of the improvements is to be 
regarded as the best available evidence of the original position of 
the claim, and the same will be employed as far as consistent for the 
control of the location of the boundaries of such claim. 

488. Where'there is sufficient evidence of the original survey, the 
ideiittlfication of the ateas to be segregated^ resulting, from the a^IH' 
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di Yiekw id lh« origiitsl iiectiona» will pfoceed ui aooocdiniee 'wiih th» 

provisioii^ oi Gliftpters III and V, and every comer <ir angle point 
«f each tract ae th»t loeated will be marked upon 1^ ground. 

48d* Where the sur^eycnr can ^t point oint, hy eoitable identic 
fication oi the original BOFveyn, <iie definite locatien ai an entry 
iMfled iqptoBi the iaemut wppnfted plat, the <*laimant or o^vmer of roch 
]And0^ill be toDfluhedac to the position (rfldflboondary&ies. The 
boundaoas ol the private claim, so determined, will be fixed, aa 
between the pdvate and public land«, subject to the official accept- 
ance of the reeurvey. Where dilute ie encountered in regard to 
tho.a^ufitmflBd of the line between adf<^ning patented tracts, each 
•eofiptaUy Ibeated und^ the rulee already laid do^m, which can 
not be recondled or suitably disposed of by surveying process, the 
tncte will be muveyed in conflict, sm hereinafter provided, and so 
dMnm on the xenuvey plat; the Cfuestions atising out of euch conflict 
viU be pven a d m inli i u i a tiw review with the field notes of the 
nasorvey* 

44^ The owner of an unidei^lfied claim wiH be called upon to 
njdieate the boundary lines thereof if possible, and in this connec- 
thm, fihonld ocbanon arise, the smrveyor 'tnll explain the manner of 
adjusting differences between adjoining claims and what will con- 
stitute m ito^plable location of a ckim. The latter condition 
demandfi u fr>rm agreeing wiih fhe oiiginal entry, approximately 
roguter boundaries, an area not widely inconsistent witii that shown 
nptta. Ukm original plat, and a location as nearly correct as may be 
expeoted from the existing evidence of the original survey, without 
everibq)ping into an adjoining township not subject to resurvey, 
incept ae jMfo^dded in sec. 431. In every case yhere the out- 
bouiidaiiee of the lands mibject to "independent resurvey" have 
been leestabMi^ed by the "dependent" pr ** restorative" plan, the 
stibdivifliens taf a tract situated and originally described aa along or 
upon ^he <qpporite mdes of such outboimdaiy must agree witji the 
Mne reestabTiflhed and harmonize in relative position, 

441* In ^le execution of an independent resuryey* ttierefpze^ 
liie identity of eadi tract to be segregated therein or indicated 
by confcM^ioation to the lines of the resurvey, whether pateiited 
or unpatented, must be maintained, and the s^urvfiiyor will ^t be 
allowed to change mftterially the configuration of a tract as shovcn 
by Ite ^original descriptioh in order to indemnify the owner ikfi^ceol 
agldnst deficfeiicles in area, to eliminate conflicts betw een cmtries. 



«r ior Sony otbw pwpote. If im|iiDvein«i]to-kavie hBux located in 
good faith, tia« ewgregation wwtvey should be so executed, or tiie 
conformation to the liaes of the rqemrvey so iadkatad, as to coinr 
as iieariy as possitble these improvements and at the same tiioe 
mairitain substantially the fonoa of th« entry as ^onginaliy described. 
No departure frooi this rule will be aHowed. 

442» Tbe question of amead^iient of entries km ikm punposa of 
peanitt^iiig adlustinents in terms ol the resnnray invelrtn^ lands 
not included within the original tract is a matter for the adjudioa- 
tiQB of tiie G^aeral Land Office after the resurvey has beett accepted 
and th« plats thereof fUed in the looal land <^ce. 

448. In case of i^Dsentee oimiees an attempt lAould be made to 
•stablidi comrwqTHcatKMiy if necessary, in ord^ that the daimaHt 
may point out the lai^ subject to a metes^and-bounds survey. If 
the owner x^an not be found and there is no visible indication, 0U<^ 
as a boundsdry fence, of the looa/tion of the limits of a «laka, the 
stirveyor will exercise the cdtemative el locating ^e ^aim tram 
th^ nearest xMgtnal point of <H)n]lar<d or item a point'Of a nsigikbwing 
<daun. Of of assailing to the eoft^red or patented Itads l^e 'H^ropri- 
ate subdivisions of the resiurvey, all subject to tlie principles h^- 
inbefare set ieatk, Tb» cqmtroi^g lactcm In suc^ lecaticms wiM lie 
based upon the indi/vidual and neighborheod imp^vMaftents (such 
as Imiidings, wolls, «p(iiigfs of water, cultivated lands, ptMleniads, 
:£eneos, eoTO^vs ^ ooosgiikeii piiifttte surveys, etc.) wMt^'i^ftay indi- 
.oata tlM «n/dd4Bt iuslmabkfk of the iMrtryman or patenlee ^as to tbie 
poeiitioiLiofhiS'iaiid. /. . 

444. . S^aeh {ioii«coalbrvaMe vidid claim in a townsbip wiU be 
f;iveii*ssrial tMct namiier, ooaameneing with Ko. 9f in the^nudlwt 
■atmbsitod and ^enteted «eQtioo of the erigkial -pldt,- pcSgtem^ 
HuDQD^ the towiiifas|» in ^e erder in which loti and seotions ave 
jHunbered. A tsact nun^ber vM be used but bta^e In a township, 
and if «ny tmtst iim pastly in two or more tow^^^pe mbject to 
resurvey the nxunber applied to the tract in the llrMt townalNp 
nMlFveyed wdti AUt foe used 16rx»thsr tracts in the adjoining town- 
wbkp; 

44& ■Tha^loU<nirti niisswfll fee4>fese»ved in the wpecutioai of the 
uetsa-softdHbnkadsMmrvey of all spsoialfy designated tracts: 

1st Sacb ckim, fu^coptaibly located, but at variAn^e with the lines 
iiiho niiitwy, sriM iw surveseed and monumented at each angle 
p o int . " 
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2d. Wheie a portion of a daim ia originally described aa in a torvn- 
ahip not subject to resurvey, such pcHtion of the claim will not be 
surveyed by metes and boimds, provided the limiting boundary is 
found to qualify as set forth in sec. 429. The portk)n of the claim 
originally described as in the towndiip to be resurveyed should 
ordinarily be defined in a position (either by 8egr^;ation or confor- 
mation to the lines of the reeurvey) which is properly related to the 
identified or restored comers on the limiting boundary. (See 
sec. 431.) 

3d. Where the boundaries of a claim are unacceptably located as 
pointed out by the claimant, the surveyor will proceed with a proper 
survey of the tract in accordance with, rules already stated which 
will result in a suitable relation to the original survey, and the comers 
of the tract as thus located will be monumented. If the claimant 
protests against such location, the surveyor will request that the pro- 
test be made in writing (to be submitted with the returns of the re- 
survey), and will ther^ipon make an accurate cozmection with the 
comers pi the claim as.uaace^tably located, to be tnade the subject 
<^ a complete report by the surveyor in his field notes, reviewing 
the facts with reference to th^ question of location. As a further 
protection to an entryman thus unacceptably locited see sec. 455. 

4th. Where, through a compliance by the surveyor with the general 
rules above laid do^, the metesiand*bounds segregation of a daim 
(or the conformation thereof to the lines of the lesurvey) within the 
^Id of an iad^)endent resurvey (or the. related subdivisions witiiin 
the field of a dependent resurvey) fails to cover any or all of the 
lands, occupied, ipj^ved or claimed by the entryman^ patentee 
OS pres^pkt earner, aad the latter indicates a desire to amend h^ 
entry, a full report will be made by the suirveyor in his field notes, 
describing therein the subdivisions actuaU|c occupied a&d sought to 
be acquired under the ameoded entry, but which ate not coEvared 
by the tcftct as surveyed, all lo^^dng to the prolectbn of the title to 
. the lands actually earned.^ 

. 5th. Where itso happens that the r^ularquaxter^iiaelierseotniis 
embraced within a claim fall in approximately the same positiiii as 
ihO' regular quarter-quarter sections of the resurvey, ai^i £heeftitry- 
man or patentee indicates a deem to conform his daim to the re- 
survey, aiiid not apparent obj()otion is found by the'surv^or, the 

lact^i wUl.be stated in^ the fi^ldjUbtes, and the iclaim wfli becsoffndi* 

^ ■ j I 1 1 II I « 

1 See current circular relating to amendment of entries^ 
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catod, Ujpon the reeurvey plat. Uadet this circumstancp the metee-, 
tuid-bouii(l3 euTvey of the tract will be omitted.. Soweve'r, where 
any tract whose original deBcription. includea any fractumal lot, or 
vher^ any part of a tract ialle upon anyjToetional lot of the resuivey, 
the tracta will be aegregaled a« a whole by metee-and-boundB survey, 
evea though some or all of the lines of the tract m^ky coincide with 
Oertftiu Bubdivisional lines of the resurvey. , 

6th. Conflicting tracts, each acceptably located, will be surveyed 
^d numymentetl, a«d. conflict shown upon the reeurvey plat, 
^ach intersection . of conflicting boundaries will be determined. 
upon the ground aud recorded in the field notes, 
. 7th. The angle points of a tract will be designated 1 
hers beginning with No. 1 at the northeast comer, a- 
arouaidtheclaijn, running westerly from the initial con 
point may be conuaon to one, two, three or tour tract 
monumentcd and marked ae provided in Chapter IV; £ 
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6th. No acceMMies will be required with the monaments at the 
angle points of the metes-and-boundB survey. 

446. The proper supervising officer will furnish the surveyor 
with an abstract of the valid entries, selections, reservations, patents, 
and grants, based upon the original plat of any township (or portion 
thereof) subject to resurvey, and the said resurvey can not be re- 
garded as complete until each and every claim described in said 
abstract of entries (and shown on the status diagram) as in the town- 
ship to be resurveyed has received full protection in the matter 
of location. Asidefrom those disposals described as in the township 
to be resurveyed, there will also be furnished to the sKrveyor, as a 
matter of information, the status of all claims in the adjacent sec- 
tions of all adjoining townships ungrouped for resurvey. The 
abstract will be included with the other data to accompany the writr 
tenspedal instructions providii^ for a resurvey . 

447. The. field notes of the metes-and-bounds survey of each 
valid claim will be preceded by a copy of the abstract of entry 
Qtereol. A brief statement will then follow in each instance (or 
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with suitable felerence), conceming the principal fectors coirtrdHng 
die location of the particular tract, and whether or n(rt the ckimant 
Wdfl consulted, or communicated with, in the m»tter of the identifi- 
cation of the boundatles of his clahn. Hie statement should be 
dear as to whether l^e location of a claim, eiiown either as a tract 
segregation or as conforming to the tines of the resurvey, wrae 
controlled by improvements alone, or by one or more identified 
comers of the original survey, nearby or remotely located, bt by its 
relation to adjoining tracts. In case aH of the tiact segregatiomr 
within a township can be covered by one general statement, the etoie 
should appear at the b^inning of the field notes of the metewand- 
bounds surveys. The field notes should be made to account for 
each and every tra^t shown upon the status diagtam. 

448. All claims should be accounted for on the resurvey plat, 
and all will be shown either as segregated tracts or as conforming ta 
the Hues of the resurvey, as the case may be, with outline indicated 
by heaipgr black lines. An exceplicBi tx> this rule wMl be miMie i& 
those lai^ cases where all the claims within a township have l>een 
conformed to the lines ai the iMurvey tuief^r their origilMl ^e^anptUm, 
in which event a statement msey be made on the margin of the jilat 
that— 

'' AUcbdmsmgnnJIy desciibed as ia tfeisto«nufai|»«v»«iteinded to 
conform to the lines of ^^resvtveyimdertiieB^origi&al description.''. 

44d. As a further safeguard that the returns of independent 
resurveyS may be conclusive in the matter of the significance of 
the tract segregations, the plats ^ereof will show a statement that— ^ 

^^AJl l^ract sogregatioBs sbown ^aero^i^ rc^prosent thepositioiiiMid 
form of s€dd tracts under the original description as referred to the 
oiigjnal survey, located as such on the ground according to tihe best 
available evidence of their trtie position.*' ■ ' 

450, The abovjB statement will be modified if one or more of all 
the claims shown on the status diagram are conformed to tlie lines of 
the resurvey,. either imdei; the original description or by different 
legaJ.subdiyisioi3^^ as follows: . . 

' ' All tract segregationsslwwn iiemn «»d> aliotherichtiaiftfihoini toi 
cwifprm to the Unis of the^resury^, whether by ^e oaj^inal or it w 
legal subdivision^, represent the position and form of said tracts un- 
der the original descnption as referred to the original survey, located' 
^ such on the ground according to the best available evidence ef • 
their true position. ' ' 
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Ml. The projecUoii and tiieaimrement of 1^ lines of the meteeh 
smd-bounds siurVey and the technical record in respect to th0 same 
will conform to the usual practice in regular surveys. VThile the 
mapping of important items of topography and valnable permanent 
improvemeats will be gireft attention witii regard to this feature c^ 
the resurvey plat, yet it will be i^parent that the amount of data to 
be altofwn in connection with the metechand-bounds surveyv mi^EOB 
it impossible, at the us^^l scale, to show objects of little relative 
ittportunce. This ^laes c^ memc^rttiida taken during the progress of 
tb^ w^ck will 7)0( be required in the field notes of mete&^nd-bouiids 
surveys. 

'45S. Atleastoneanglepointotf each taract survey will bedefinitely 
connected with one dt the regular comers of the resurvey, and where 
lines el daiias are intaeected by lines of the resurvey a connection 
will be made from the point of intersection to the nearest claim cmv 
ner laid recoided in the field notes of the reguli^ section line. The 
laieter will be considered a satisfactory connection to all adjoining 
dadmtf located witMn ih» interior of either section. Where an ex« 
tendve system of tract segregations has been surveyed, the interior 
tracts of the block will not require individual relerence connections. 
The establii^mient of closing comers on the regular line when entering 
or leaving public land will confcmn to the gen^ul psactice in this 
lespect as x»:ovided is sec. 191, Gh&ptiet III. 

XEB £ItOJ[B0TION OF NEW XJNJ&S. 

45St. The peculiar conditions of the situation which necessitate 
an independent resurvey render it impossible to formulate general 
rules ^ted to afl cases. Experience has demonstrated the neces- 
sity for giving'deliberate attention to the unique problems of subdi- 
vision which are to be found in each definite example. The general 
practice is to secure a surveyor's report of the sictiial conditions 
involved in a particular independent resurvey^ upon consideration 
of which there may be devised the best plan for a re-subdivision of 
the vacant public lands, and the latter will be set forth in the sj)ecial 
instructions. The possibility of placing the i*egular lines of the 
independent resurvey so as to obtain maximum agreement with the 
position of the boundaries of confoiniable claims will be fully con- 
ddered with a view to eliminating or r^dircing the nece^ity for 
tract Segregations, if possible, where this can be accomplished in 
hanttbny with the rules previously outlined. The examiner's 
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Eeoommeadations in th^se matters should l](e.e^piicit and r€8poxiaLV6 
to his special advantages in the opportunity ol working out the tech- 
nical jMroblem while on the ground. 

4W:« A problem invohing the re-subdivision of, vacant public, 
lands, as in an independent resurvey, should be approached in the 
same way as practically all problems in frag^ientary subdivisioni, 
i^ough the independent resurvey may at times involve the xenBub-. 
division of a group of many townships wherein all jQonditions, exc^t 
peiiiape with relation to the tract eegregatioii euryeys, may be: 
comparatively regular. First attention will J>^ given to.c<»^pleting 
the new township exteriors which are to be independently resui>. 
veyed after having reestabli^ed the outbpundsuries ol the group on 
the dependent plan. The new exteriors will be carried forward 9Jid 
completed in harmcmy with the rules set forth in Chapter III for 
the establishment of original surveys. The new section lines will 
be run out and marked aa in regular or fragmentary subdivi^on a^ 
the situation may be and new meander lines will be run as required. 
The new exterior and subdivisional lines will usually be extended 
across small blocks of tract s^^gation surveys, noting connecticms 
as previously stated, and in such ciaes the new lines and comers 
will be fully monumented regardless of the fact that some points 
will fall within the tract segregation surveys. The latter points 
are required in their usual function to determine the subdiviaian 
of the public lands affected . 

455. A general exception to the i^e of extending the lines of 
the independent resurvey across the tract segregations will be made 
ki those townships or portions thereof so deusely covered by private 
claims that the remaining parcels of public lands may be as well or 
better identified and described for expediency with reference to 
isolated tract numbers. In such cases closing, corners will be re- 
quired on the regular lines when entering or leaving public land. 
The regular lines may or may not be ex^eiwied as Jilank lines across 
the tract segregations, according to the plan of running the new 
section lines of the resurvey. Where this method is employed it 
will be necessary to assign tract numbers to the vacant parcels of 
public land and to mark the angle points thereof accordingly . Where 
a parcel of vacant public land is to be identified on this plan, such 
vacant tracts will be, surveyed by metes and bounds in accordance 
with the usual rules. Rare cases may arise where it will be deemed 
expedient to se^egate by metes-and-boimds survey certain quarter- 
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quarts eectioBS of -vtcaant iands in accofdaBee irifh the system of 
the original survey aq indkated by adjoining^ tract segregations for 
tiie purpose oiaiioidiDg a better basis of disposal or ior amendment 
of entries. Stdi sl^gr^gations will not be made unless it is con- 
clusively shown by the surveyor that the fractional lots and regular 
quaiter<<[iiartep seetions ef the resurvey are inadequate as a basis 
of disposal under existing Conditions of occupancy on the part of 
settlers or ist entrjnxien who may propose to am^id. The special 
instnictions 'v^IL be oaade as explicit as possible in these details, 
which will be detemdned upon when the pli^ of ihe resurvey is 
under consideration by the eupo'vising office. 

456. Where a section of the resurvey is invaded by patented 
tract segregations^ but not by -unpatiMxted entries ot selections^ ike 
lotting of the public ^ands wiil be canried out in accordance wiHi 
the usual plan, of lotting^ within Ivactionai sections as outlined in 
Chapter III. The numbering of the fractional lots will b^afin with 
the number nest higher than the highest number employed in the 
section, of the einginal earv^ wiudi bears the same towneSiip, 
range and section ilumbees^ This plan is intended to avoid imy 
possible confusion which might arise irom a duplication in the use 
of the same lot numbers. 

457. A departure from the usual rule for lotting is necessary in 
order to provide suitable descriptions within unpatented entries and 
selections where such tract segregations may be subject to relin- 
quishment or cancellation, also in other cases, to facilitate a subdi- 
vision of isolated tractq of public lands surveyed by metes and 
bounds. Two methods have been found available, each one better 
suited to particular situations . Neither method involves any change 
in the instructions for the field procedure heretofore laid down. The 
discussion of the merits of the two methods and the examples of 
their use are better adapted to the text of Chapter IX, where the 
subject will be foimd in connection with other details to be shown 
upon the resurvey plats. 

458. The general requirements of Chapters II, III and IV will 
be fully observed in every respect throughout the execution of the 
independent resurvey and in the technical record thereof. General 
titles (in addition to the regular page heading) will be inserted in 
the field notes to indicate clearly the character of the independent 
resurvey, the technical record of which follows; such titles will be 
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inserted in the body ol the field motoa, as A^^nopiiato, and will ihai^ 
ike full BJgnifiraBce ol all lines; as for eoiample: 

<a) ^'Metes^md^bcnrndB mirveir of private claims as originally lo- 
cated im aeooniABee with the'aunrey exeecited l^ John B. Smttii, 
U. S- Surveyor, im 1842;" and 

(b) ^'Jjy^fi^^eadmt resunrey, m^teieedSag ihe Bmrey execusbad by 
John B. toith, U. a Siurreyocia 1842." 

469. All mamunents id ibo origiffial mirr^cgr, nci otherrae se- 
ported v^Nm, whan txaceB thet^oi have been ^und, will be am- 
nected hy oeiirae and dietanoe with & Q^mer id the reaonrey, and 
such connection and a deseriptioA of the traces at the origisal coner 
ae identified will be reeocded ja the field notes <if the xeenrvey . A 
.weleei HHWMiment will be dettfioyied after the point is found to be 
no l<»Hetf ikeeded iox the survey-iOf ^claimxtf any land whose laca- 
tiqn m»^ in any way d^^eod i^wnmich momuneat. (See aec 163, 
Copter IIL) 

4ltf>« Fitfthar eai^mpHfioation of tiie apptoved practices xncideat 
to the succeasiye field steps and pr^aration of the field notes and 
leiurvey plate will be found in the chapters that ioUxm. 
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